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(54) INTERACTION OF COLLOID-IMMOBILIZED SPECIES WITH SPECIES ON NON- 
COLLOIDAL STRUCTURES 
(57)Abstract: 

The invention provides novel techniques for 
derivatizing colloids with self-assembled 
monolayers. This provides the capability of a 
wide variety of assays including chemical or 
biochemical agent/agent interaction studies. 
Bio-derivatized colloids, with or without 
signaling entities, are used to probe 
interactions with species on non-colloidal 
structures. The invention provides techniques 
for immobilizing colloidal particles on a wide 
variety of non-colloidal structures. Included is 
the ability to decorate a variety of non- 
colloidal structures including beads, with colloids as a detectable assay. This allows, 
in many cases, assays detectable via the unaided human eye, as well as assays 
detectable via automated determination of a change of interaction of electromagnetic 
radiation with the colloids, e.g., absorption, light-scattering, and the like/ 
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* h * rcit y # > Ho^fntii*f c s p r oiPSftTT? * K / u 
KtisflFfli*ai*'*"*i:i:*Mf*#tt. 

CIS** 10 5] 

F, IS**10 4fc!2«©73)4c, 

CIS** 10 6] 

* ***jSttS/^f-;b*W tS, IS**i 0 4fcl2ii©*i4o 

CIS** 10 7] 

U iSy K fc«MS14*ft^fc t> E0£fl:Sft5a®fc* y/^B4«t5 c t *SST 
5, IS**1 0 4 fc 12 Sffi © 73 £ „ 
CIS** 10 8] 

Sitfti^^IfSi, IS**i0 7fcf2fc©73?£o 
CIS** 10 9] 

y Kfe<ktf«MStt*f#*^n€naE©iBffl^ft*» : ?ii©^^^7B^TSs IS 

**1 0 7 fc f2 « © 73 ?£ o 

CIS** 110] 
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i^ii o 9 k m « <o 15 m o 

[|f *91 ill] 

1 1 0 K IB IS <D 15 ?4 o 
[ II * IB 1 1 2 ] 

ts> I* * m 1 1 0 fC IB ffi 0 15 & o 
[ II * 91 1 1 3 ] 

t«St**A^^n*y*a$t5> 11*9! 1 0 4lc|B«O^ffi o 
[||*9t 114] 

t«Stt*fti ( 7intySftii7int>SI*4a*t5, »*9f 1 0 4 fcBttOtf 

?S o 

[ II * 9H 1 5 ] 

« M S 14 II ft 7 x a -fe V 3? £ ;l/ # V m * & "a- f £ , II * 31 1 0 4 ^ |B i$ © 7j r£ <, 
[|f *9t 116] 

U Ftf«fttt* ht-i^Ja t) SBfiHHtili S 

> »*9!l0 9tC|Btg©73?io 

[ W * 91 1 l 7 ] 

y f # &jrjs-&* u- m-fi-K ct d i aii»{t#»?»»^afce^-r 

[ m * is i i 8 ] 

a) i) (UB3 D-f Kl4IBB*IB»y iiffiSfffflr * C fctfT** y «rv K* 

iBifflsa^MiB y f i:ffl5fiFfflT § c t tfi-f5'>ft < k t» i -ocaisii^^^at 

b ) '>& < k feWB a n-r K «[)»«• *WBfi**C*fti-r * c t. 
[ II * 31 1 1 9 ] 

«6KttT<0Ci*att5|*ai 1 8 fc IB « © # gj : 

c) tOIBU F kMBfflfl&iSffi#?©ffl5#ffl©Rg k LTMIB^d^ KOSI%iffl 

[W*9l 12 0] 

M IB 3 n F 3 a F V & 5 , II * IS 1 l SfcEtOSS. 
[W*« 12 1] 

IS (a) ©Mt, ME£an-f Ktf^*-;b»*ttD 5 fciaasft*, 11*911 

2 0 t IB « © ^ a = 

[« *9f 12 2] 

IS (a) OMK, j»BU H««tt*/<- hf--*#r*»«'icj:»)ll3»i*<k*n*, 
11*91 1 1 8 (t|B«©^So 
C II * 91 1 2 3 ] 

IS (a) <D«Jfc, MIB'J fiy Ftf&H+U- FtJg^-rs C ktfTJS SfflStffc * Dli 
ftft^tlS, 11*91 1 22KB«©*tt. 
[» *9f 12 4] 

WEW^fi 1 T^f-Vy £ {^*S$t«, 11*91 l 2 3 tc IB « o # & o 

[ ||*9I 12 5] 

a) i) 3DYF (iE^B^ Kliifitl^f itllffffltSCii^T'f 5Uf 

#&) ?rs#-rs?g?s, i i) fill**, fcitfi i i) ^«fflgs^s^f %fg^as 
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[If 12 6] 
[||*« 12 7] 

~> f ± ji m a * w t m a e - xpi o h m it k m # -r 3 £ > ^ ^ « / # > a ^ « & ^ tc * d 
gp «■ t * s */ ? i- )i e m m w * *f % r § c t * a •& t § s is * a 1 2 6 k i b * © * a 

o 

IWMM 12 8] 

£ > K IS ^ fts £ y 2 K% $5 .. H * « 1 2 7 K IB m © H 

So 

129] 
[ ffi * « 1 3 0 ] 

MfcWLTH£{b2ftfc«?€>«ffi©®j®tt£{!E«-f 5(cStt5, ft Ml 

2 9 &c IE * © 7 — r -i 5 )V 0 
im&m 13 1] 

£ 2 ©ftJl^H^o^ti^WSft &ft^WI£^#^f£&, t«®©'>^^;i/e^*fttc|IL 

t a is.it s n ft n i © »t.m m m * tc a « ft i «x * © tt « 7 - x -r * ;i/„ 
[ w * m i 3 2 ] 

© 7 — f- i" i> )V 0 
[MM 13 3] 

H 1 flDftfflflJKfftfU v-tcj: D ->^t;VfiSiftKMLTlSfUti5« II** 1 3 1 
IB W, © 7 - r 4 £ ;l> o 
[ffijR* 13 4] 

m l 0^lM* 1 f> K'J v-fc * D ^^T;l/g)Ifl!»fc:raLTlIISt{bsn5, ISM l 

3 1 £ IB tt © 7 - f f * ^ . 
[ft** 13 5] 

iSffi, 43J;0 : 7-7^^;l/O*ffiKffJ«^nfcgBfflils<k*^?«?:Wr§7-x^^^ 
cfcatc, S<Bt^fc«^?ft!l©mi»?8i:iifefcgMT?©iafflli{k^{Sa-r§»? 

3 6 ] 

W 1 0 W IC 1* »# T? * !K £2<D«#iJ>ft< k fe 100*IU!»*a*t5, 

SUM 3 5 KBI07-f-* *>l/„ 
[ ff * g 1 3 7 ] 

I? i # ? ^ ^ $ ffi g « {* s tc » * y t\ $ k t ffi s ft ffl t 5 d t ■& -e $ § v a y f t? s s 

> WIBS 1 »?*3 cfc tf @f*5^ft:fc<S^ Lfc 1 olftS^nj; < © > ^ r ;l/ fit « A ft 
CW#* 13 8] 

WIBH a aw FTJ6* , If** 1 3 7 (cGKOiiff). 

CM#« 13 9] 

il|3D^Kff4aB^KTt«, 3 8 KB«OfiJjt*. 

[»** 14 0] 

MIBU F^MUBao-f Kte«*»*T*» l 3 8 fcffi«©ffl^tio 

[ m * * i 4 i ] 

HUBS' ^t;Vfil*«;iB 1 l«gtt»T7$ S > l 38£EiOI)Si. 



(12) 



JP 2004-512497 A 2004.4.22 



j- m ^ ^ 4 2 ] 

tuffi«^ffitt^-?* Si 7xPiry^fcti7xD-b>'ii#f*?:a#-r§s » * * 1 4 1 lc IB « 

© m a tt o 
[n** 14 3] 

[St** 14 4] 

JHe^^fFtf4**l'-H t «^tSCk*iT?*SI!»i:i:ttll!l*ft*ti5» IS* 
Jil4 3tCiB«8©fi$tto 
[IS** 14 5] 

»B»»il , t7f 4 ;>'*J'ta*t*, 11**1 4 4 IcgBflQffijgtt. 

[IS** 14 6] 

MBIB*£*tt#*B*l'- h*S*> ?LTiE^yf F#flUB&»*U- h'xOflulB 
[IS** 14 7] 

0{*£&#tfff§ 2 »f ©f^fi^S^t?, II** l 3 7 £G*t4>&j£tt. 
[IS** 14 8] 

MfB^^^lA^Bffi^lbm^? 11**1 4 7ICBUOI**. 

[ IS * * 1 4 9 ] 

15 IB Ml 2 55- ? &?■ * - A/ T fe 3 * W * * 1 4 7 I B ic © M fig tt . 
[If** 15 0] 

i#ji«#E»§tftJsiH« »2»?*j:tf*3»?*a*-r*aja*: c c t* flats 
% i aBfla*®s$(*s /c \t $ y k t mnwm wtift u f*-^*, c c t?ss 

2 ttWBHf*3[*#±T*»?Ji*»ia U ?lTct T-flulBH 3 a-^ttMffittT 

S So 

[If** 15 1] 

MIBBttXflftttfs a-T H?$?, If** 1 5 0 Sc|3*t©fflfi£tto 
[If** 15 2] 

MIB n Htfiao'f FT4«, If** 1 5 l tc|3« © ffifiictto 
[If** 15 3] 

ttCU HtfiEa a-T Klc«*«***1" * » IS** l 5 l icM ©fifiSctto 
[IS** 15 4] 

flu IB 9. « S tt # ? * s "7. x a -fe > $ » 7 x a -b > 61 # I* £ ft # f S > If * * 1 5 3 s3 *Sc 

©fifiittto 

[If** 15 5] 

flu IB V 15 > F tfi'* 7° *h F T? £ , If * * 1 5 3 K IB It © fi fiSt = 
[IS** 15 6] 

flulB^7°^ F F fc«*3T»*»# t t K:KSI*MbS ti 5 , If** l 5 5 K 

e i © fi $ ft o 

[IS** 15 7] 

iiB»d« , txffy*^4fii^'i , «> is**i 5 6 tccttoea*. 

[IS** 15 8] 

»»©tt*K± t)«HBB#5£»f*:K:IS*-r*, IS** l 5 6 icRttO&ftlta. 

[If** 159] 

flu IB H ft £ it W # V stf V - h t? § s IS** l 3 7 IB * © fi fiS tt o 
[IS** 16 0] 

MIB 'J #V-Atf£l&**£*rt-S'>& < 1 ^©fl!tM ^asts. IS** 1 4 7 kib 

ffi © fi fig tt o 

[IS** 16 1] 
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[It** 16 2] 

&jR$«Ff*±T?«5i-r5«iiis*«6KS^-rs, it** 1 e 1 Kmrnvr-j- * 9 a*. 
[it** 16 3] 

3 D -f KS? 
[ft** 16 4] 

[ft** 16 5] 

# y ^-g /tttf^ F 'J ^/4*/*V^ - F*S£fc * 5 
m * w ffl * M k its f s <fc 5 e 5i t /t , 1*11 e 4 Kietoi. 

[ft** 16 6] 

# u rdtT'y f u •7-#&jR*Effi»£3'£s c tft~ez is - v ttft-o. it* 

9 16 4 (CfBJSOa, 
[ft** 16 7] 

# y v-Sfc&r y F U v - % * © « tt» * * »** 1 6 4 KEttOS- 
[ft** 16 8] 

# y v-S fcfix > F y £ o-fe y£*#o, ft** l 6 4 !esB«©fflo 
[ft** 16 9] 

jtf 'J V - * r y F 'J ^ - & It Sfc © 7 x D -t y S tc it 7 x D -fe y 81 ® ft * ft O , lit * * 
1 6 4 £ 13 W. © 9 = 
[ft** 1 7 0 ] 

[ft** 171] 

3 7 - r -r * ;i/ o 
[ft** 17 2] 

jfan-f F«3a* < ft**Wlt»'pa5*, M * * 1 K tt <0 £ & o 

[ft** 17 3] 

tlfWMHA^FSftttMii^Sl^ns, It * * l 7 2KsHtt055a. 

[||*« 17 4] 

tltl^fiKfitflBSfcftiilSfr**^''"*' It** 1 7 3tciEitto*ffio 

[ft** 17 5] 

Sr'S-g'T&lt**! 7 2 K E <R © ^ o 
[ft** 17 6] 

gg i i-itfg ztft^fiKftffUftiiftii**®***^ 0 *** 7 * 8 ^ it** i 7 5 

ic ib « © * a . 

[ft** 17 7] 

tS, It** 1 7 5 KE«©*tt. 
[»£* 17 8] 
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[»** 17 9] 

I^tfan-f Flfeft^i'-VOl^'PJSS, 1X9 1 7 7 tc IB « © Is & . 

[«** 18 0] 

*9l 7 5 t IB ft © * ffi o 
[It** 18 1] 

£ > H * * l 7 5 K IB « O ^ S o 

[II** 18 2] 

BfiS^lt-^-^^fi&'&'S L, 1 (SlB#»**nT^*W#fc«ffit 

oiiwin^tetf^ ^< iss rcm&T-mvm 1 #?mt t fetcM-eos affiant* 
sits, »?iis^tt^) ti2»fa (»f7-r+*stt«) ©*g£§j£S^-r 

S > M * * 1 K IB ft © * ?* o 
[H** 18 3] 

[St** 18 4] 
m m & « ffi © * ffi "P * 5 » 1* * 4 1 8 3KEIOJS. 
[ II * * 1 8 5 ] 

n d -Y F»?0*®T©gBffll«fcJ|l#?Ji©«i#**ft J F*i. U iS y Ffe «fctf« 

Mffitt^Ifr*? BtSfttS, HI* A 1 8 3 fcf3fc©73*£o 
[It** 18 6] 

II 3ffll»lfb|i»?Ji^«?© i Bill ft jitter {S3f&-f«ffl*Str , II** 1 

8 5 ic t B « © 77 ft o 
C H * * 1 8 7 ] 

E E « © # ft o 
[H** 18 8] 

[ ii * * i 8 9 ] 

m^m'\±mw^y i nty->"*/^;>i^att5, «** i o 4 tie*©^ffi. 

[II** 19 0] 

?V£JS/* U- MS-&K ± 5 > U fiy Ktfl Bfili ft 
t5, II * * 1 8 5 C IB * O J& . 
[II** 19 1] 

H#£tfflc#*Jlttlc3FiB«E>a*Jt*S*r** II** 1 8 3 EfB«©#?£o 
[H*« 19 2] 

7-f ^;KOaitfiBIIft*»?l*3to, II** 1 8 3 EE«©73 tt = 
[ft** 19 3] 

gBffl«{b*»?il^eSttgBll^fb¥»?«-pfe§, 11**1 9 2KEKO»a. 
[ II * * 1 9 4 ] 

S5ii{b#^7i^ig%t$ sftom-et^- ht-^stts, w** i 9 2 tc ib « © 75 

S o 

[II** 19 5] 

«g^/<-F-?--3^^JS*EffiilS^'?^SC:fc3^?t5*U-hT*5, II * * 1 9 4KB 
il © 73 ffi o 
[II** 19 6] 
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i a « © * m o 

19 7] 

if Wlffflftlf %2 11*311 9 3 (C f B « © # & □ 

19 8] 

[InSRlRl 9 9] 

saiii lift *ntH£?nft*-oft* l- 
200] 

n * 7fc ti 4. * ¥ W # ffl t> K © IS /< - h t - T* & 5 flt PJ S ft 5 > * ft E El £ £ ft fc ft f 
[MS* 2 0 1] 
£ §H jp| 2 0 2 1 

3 Kit? ©*1BK: i Blill 6 W** 2 0 0 KB« 

o 

2 0 3 ] 
2 0 4 ] 

[fg0J?©i¥»lft!Kfun 
[0001] 

E'-X\ $ fc 14 « US © J: 5 n-Y HflUftEKe^l- 5fi«, * «fc tf * ? * /!/ # *- 

o 

[ 0 0 0 2 ] 

g jj © W 1 

* u ?r s c i: t ± d {E5t£ft5o * fctt * y^tw t 

as ft -raffias* as* y § 0 "ib*^-*-" b> *f4* 
a ± © # ? t & § o c: ft 5 © - a © ^ < ^ « Bi * © ffl ^ e « x -r s fti * k m a t , 

$E#E*D#m<>f^BftSftlBSW*«S3iS ; &^-r(iiftP>©H*ti-lKEE#Ci:^T 
= fcfc*tf. SHBSSlffiMfta V p 3 tlffllfi»St»? ^ hn^^f-y 
HCffilfFlttif IrttlHtH-e.tm/^o J. Varner e t a 1 . , " I 
ntegrins and cancer, "Curr Opin Cell Biol 
8:724(1996) ; B . V a i 1 h e et a 1 . , "In vitro a 
ngiogenesis is modulated by the mechanic 
al properties of fibrin gels and is rela 
ted to a aV/33 integrin localization". In 
Vitro Cell Dev Biol A n i m. . 33:763 (1997) IM 
.Horton, "The aV/33 integrin 'vitronectin 
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receptor', "Int J Biochem Cell Biol, 29:72 

i (1997) * # & £ n ft v . mm, y--*MM±<oc<D&®&<DM±LrcWtig.& 
a'ttttetiTv *o mmBAis &xf /tit tt mm smms 

Sg ft © glJ © $1 £: L T « , MUC-lSg*^5 ; COfigBai, ttfil, » ft ± tf IP * 
[ 0 0 0 3 ] 

(tTtfe, 4*46, M ff M I® T? ffi ffl T? t S 7 <7 -fe -f # BtA,i!4^i!P6T*S, U * > 

sffffl*B»r***{t«-*©x^u--y^*RniBK:r*-e**5. anus* ess*© 10 

[ 0 0 0 4 ] 

3Sft<DS«tiM±© "J FfflSf / FJH^7-y-b^-rs^-n?.©Hi*^3iiJ|5I^ns„ Stft 

leit^M-f^y (facs) a. iDjBXuSS^^otttu^Rrtitii-re^ftosifi 

l«fflt§atfelU-oO|fS: 1) K##JK#WT?£ft©SH*X* 

fit S ft J6 lcm% K ^Mitt S C ttft'f 4^C i: ; ft £ 2 ) K « gift fc f 20 

>K**ar*ckttiiuv"»*», g fca^WT-s s„ «iBi«ieis«{t:of|:ffl«iaiF-r s 

*ft©{b£-*9-f 75 y-©** U--:/$rtt, Iix^'J-->^HOFI4', Sift 
tf***©E**J:tf£*tt{t:Kafc:45* aic #*fctt#T*o 
[ 0 0 0 5 ] 

IffllBSffiSSftfcO^TlB^Sfti&lCffiffl-rSCfcWTftSBiJOSfBtcH:, E L I SAT 
v -fe -r 5 □ C © M T « 1S§*9 6-^i/V77Xf 'y^71/-FCSf t5. 3 
?*-f Hftft*B4»©a5*»B*1B*S*Ktt^«-&, INS^ttfta^v^fo Sift© 

7^^7e , ijf^ii3i'^^ FRfto#s^ftffit5ctiaoiS?n^„ ig^-Kft© 30 

AfSCi:tJ:D^tti$nS 0 lEil^/^lC/^-f^l^Jf -fClFli, *ftti^ 
ne^ffl*TS*t(©X^y-r:>^(DftJ6©C©S^©W^)tt^lS^TS^<ofrQH 
*©Kfitf fcS : 1 ) ttfc©75X*y*^©#1»JIWM©«^£i;*MttfcJ:t>« 
HJtfS&*«tt* ; 2) y 73' y F-Sg|«5fffflA'^< OWlilcJ; 0 Ltf LifPIfS 
ns^LTltlgacittt, 3) d©7-yfe-YK{±7c^©y^yFJ:titybSfetft 

SSIfttf i^KPilff S C ttfftft^ : £ SKtcM© U F fcS4 0 > Kft« 

[ 0 0 0 6 ] 40 

^S*fe©tt» fb^WSfttt^tl^WfiP^©|g^*^^- : &^^-S/c»$iJ»'rS/ci?)©7 
7"n-fT$9t, ^©77°D-^«KfBH©«PS«ffiSf'FfflKft^S73H6tt%tiL, « 
Stt*H65ctff?t5. fefcittf, «B«*tti:*ft6©y #:/F©tf RttfcEftffl 
(a V )3 3 Sift©ffiS#ffl fc^tJjtf, fn5EPI^?n4^) * PI « f S X % © X * y 

jfo^fT-SDs *©*3*J2;«BI©B*IL *LTi: Dfe«-«HttM*fc»T*** U- 
->7^"rt^c4So Mfccfcfcl* X*U-->^ffifc±»)£»©£ffi2i6ttl©ffl3I;&:;* 
^7 U - - > ^ T? t S C i: T fe S o 
[ 0 0 0 7 ] 

f§B^©l%g 50 
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;V4ffi|it§. *fSBJ3<D±ftiJffi £ LtliKTOC fctfM 5 ti 5 . ->?t;l/€lffiltt 

^ t t * v» . flj2©±ftgfl# its, fflisw^s t d few- y f tmrn^nz y^^n 

<k tfg&ft N OffiSff H * »f 6> ft 5 o Cft50«IttIlc8fS#i5C 

SBM&tt/y KfflEttfl§#e«Stt3o ffiOSStffc bTtt, IHrOfcfcfcSSE** 
fc tt & « M IS <D « ffi ± o v f ft T? 9 y ? K * t* tti f § c i: # $ 5 ft § „ 

[ 0 0 0 8 ] 

«iib, * b T 3 P ■< F tt ? # ^ ^ a -f F m 31 ffi 36 « ft T V> 5 *» 5 *> * 1 S T § . CI 
©^||Jffia3D^FS?*fca^8 : St<(i§ffl«jfi*WT§^<©3a^FI^ ; f^^£y^A 
«HOffiSf^ffl*»5. « * ti - - X © £ 5 * £ - X £ tt * 3 n •Y F « jit , £ - X K H 

Htltan'fFttTililfflStSCitfTfSi. an-f FSTttt-X* b 
, J tn5*» : &Oi/iaifflOSSfcl'Tl*iiftlcHS , P*8J:5l!:t8!:fcS ! T?* 
5„ ftS^tt, r$fte'-Xtt*ffi£ 3 u4 Fli^ SrffiTcf 5ft»fcffilLTti * < » * C 

t? « vl =? <o m * n ? w t> b < tt * « it ¥ « > sfcttfl&o^sftHtei&frs 

5. 3 p 4 HS?fe £ tf #3 p W F*3ft*frtr C ft & *s J: tHfi <0 © f'J £ tt , WTOl 
[ 0 0 0 9 ] 

g!l <D AS ffi * V t\ *5SH8tt&JRIS^^ h*S^K * t5 , tf-X, 3 d -Y F 

S#£ft£o 
[0010] 

*aw©fflollliIk UTttttT© c y iffy K/^ >^*K«Sfffflo*tttofeft 

o^a^i^IL, $3 i tf , ^2©«ffiicBl#K:H£fl:«n**fltStt*#i:i:feK, 

5 y j!f y F * * T 5 , * % m O 7 - r 4 9 JV ic H n X {£ it S ft T t <J; ^ „ * % m © C <D iJ 
ffitt, *y;^«*fttt'Jj5yK«!)2*5feI«*f K« «® X^ X^e y «»©IP#ftT 
•c * y ^ ^ S / y iff > F II s fF ffl * iJ S r s * S t* § * © * § 8U © W ft * * » k f 

[001 1 ] 

*%i5tt, SI l fcttfb^ff Jl t)KO*-^IS^^v U»os/^^-;l/fcai* 

^**»•^^2CD^tI¥«^/cttfb^W^ / Ffflt^K^i:^ s/^^;Vfiai-**Sc**tta«** 
tfS»ti«t5 0 *»WK* Dffiift^ ft§7-7^ ^;1/ti c U ^bT 

*ntt*ft©3/^±;l/eail«:t»^bfe^20^ffl»KK:4'»¥WS/fcH:{k*WKlg^ 
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ft L T t J: < , LTffffltlS'MOSS^ti^tS, * fc , SfSttao-f K8?K, 
*tf**©S/dff-;Vfi3B*f*fe £ fc H £ lb 2 ft 5 n n FS7-©3iBfc, fffflt9«£:B£ 
fbtscfctiDilsnTtiv 1 . »*L^»ie*^T, 3 J-X-b© f 

4<H10, ?5t!ifSUll'>ft<kt50, tbT«6lcffSt<l4*4<fcfel 
OOOlfelilO, OOO ^^;W5itgH###l8l?B© C ©iJffifctfco THR#fc#-©{b 

[0012] 

* fg BJ3 © gy O to ffi tt * 5/^^;l/fi3i*«:*J:tf*©±k:liiJE<fc*nfc*>^*K*«K:* 
tsnp^ F8?£J:?)RBJn5. £©$#©$ffl©fc»©Mfe#f&i3£&ft£ftS 

o 

[0013] 

Sgfltfe^T, gSffl^{b¥#?»«M±T*MS ft, ?LT'>a<tai»?l 

ts„ t&fria. gioaii, iioio^A^ii^nss AM ( g 3ffi3fHbM?/i 
) fcov»Ttt, *#e»LT*ffi**i#f*ttttMS<»S^fc£Bfil«fc*fl-?* (s 

AM) S»)jtt5. *»«OCOlIKffioftS AMIiSlOa, * J: tf\ H & § # ? ft 
Mtl, c c 18* t> fciBffl«*b«36©«**£i;3» H 2 © ?I 

[0014] 

*j|ftf5c:tT?»5. ^rttttWTOCk^JIft-r*: l ) MWfcS'^-^l'fcMJR'v 

o^loy #y HotS'&ofc»o*s'a"-^* ! 2) ^-n^ ft© y Ft^to->^t 
iSWH8**tF*ttam©i&»tt««*vo ; 4) ifflBftftW? WtHfc ; feitf 5 ) £fi{t 

Office 

[0015] 

S fc 14 ffll BBS* ft? £H£{bf 5 C *±m t % o mWtt? (fcfcAHf, fcitf 

±«BSfctttt?«T?&oTfcj:^B{*£#{*K*sft-r3o iin6o«iiB*fcttaiiBS* 

»?i:»t§'J jtf>H (Sfctt "Sft^-F^-" ) tt> RJD* *lf**Q©W#©U 
Kft6tffcitJ6**M (ti&©EH*£#ftfc*Sft L-T^ftvfrs * it tt $S * fc £ tt? # 
*§ & CIS ft f S ) ft^A/f^Tfei^tOT', * ft & 2 O © £3 ft - h ^ - DO © £ ft ft 

inWfcSl#*ib*nTt. ±v^ 0 £© (fflsftffi&ft Lfc) iiftf*&, ttftLxv* 
^isft^- h:>--£EsyT-t3, <gftuteaft#©«Ftt*ffiffl Lfcttaatiifcatfti*. 

[0016] 

T«tS»?T'M?n5) SnT^5#I^»# (fcfcfctf, ft) ±T«B!0*»* , ff 

n§„ -««e*5v>t, #?©£iKfte«««ftfliMttf *-t ^afl^ata* 
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fiHS-frS. JM O US « ft ^ "C\ $tfcE«©.fc 5 K«iIfc:«BSftfc»E#tf«*«fcji» 
fc 14 2 ft o " X » " ) EiHffiSti^ ffi*fctt#-fi5»tto« ( £ * > - ^> © * 

[0017] 

f l/y^'J ;HT-(»iht5) ft «fc T>* 2 ) £aH4»$;fcttfc»»J«« 

fcfc i o<D^««3i^#ty Cfefc^tf, try 0 8U©ffi« 

fcft^T, e#ttffltt«l*«jft*^< -0-, -OH-, -NH 2 -ft£tf 

[0018] 

[0019] 

tt»?o^7X*-?*oT, ttttasioKfl^ gfcofeoSifl;* *«f©*fl:fc£ 

, *»WttH#il*#:Kf*» Bftfrm 1 g 2 tf^feitfJI 3 

tT?ft©SS2#?ttft©H{*£#ft±0## ; F»*Jfctfl'* * 

[ 0 0 2 0 ] 

lcj;Hl£Sti5<:i:tIlLi5:i;\ -litfe^Ts ft <D D # V F « EH* £ # # K ( ■ 

<fc t> 51 ^ * "f" 5 o 
[ 0 0 2 1 ] 

tii, 7xPty$ftB7iO-(r>lS(*»> tl<B7iPt-;I'f*-/l' ( C 3 5 H 
2 4 Fe S) 0±3ftB§##£*tyt>©tf£W'&tl3 : b L , ftOl*4IC*II^ 

[ 0 0 2 2 ] 
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f-y, mm/mm. mm/mmm, mm/mm*, m^^y^t **vr*y 
is * * y /m.7\<\tm, ^mfa/tsiiy^y, §§#/i7in-, mm(o 

ft. ")>f;l/X/'J*>K42CJ:54, ttffl »K* <fc IF * ft 6 © flF JS«K 

- F ^--**»W©|S-frffiSfffflO/fci6fc«ffl"r 5 c 4: tft-f § 0 -Jitllfcfc^T, itm 
% K tt U y K s #tc^7f Ft$§o Jf*LVJB«K*VTs ^ 7° F » & ff * b - h 
fc*S£-e*5»# Cfcfc*tf, txfi'y^) K J: "3 Ri§#{b£ft5o e: © ffi fcfc 

T, B*;£«H*tf*H4rU- h**», * LTJtO^T'f Ktf$fc©ap#©$fc©&fi* b- 

[ 0 0 2 3 ] 10 

*5«8«tcfev>T, to as * ffi g * f# *3 ± xf m m rt ^ ;v e a * > ^ * « * 1 1 1 & m 

US * * » ? a » J#|i|±^ffiT-fe5^Sfctt&?tt©^-rft^-e$>oTfej;v^ Hfa^Jtft 
± & § , f; fc f± ^ ftfc 31 £§ b T ^ 3 0 Cft5©lBfl&&#*>' /<*»©*§£■ '*-F:J-- 

ti , HJo**tf*tt©yiryHow*, a & tf k s £ n Hi & fiii s^^ftiv^ofts 

*ft5tt*ffi:fej:tf/£;fctttt?«*3fifcji8ib. ? LT200JS^-ht-|«0 
© # tt 5: ?y ffl b r |i] £ 2 ft ?> o «3iOH#3£»*±oiS*^-h^-«)-oi:»icHSft: 

*ft#*m*fts. wsi-5ffls{tffl«riasi- ccf{rt*oafttiiiiit« 

C fctcfc 9 f& 8U T? t 3 „ fiSftltS^-ht-tt, «5nfflS#K:tt£/<- h ±-©-0* 

*tUCfl!i©*g£/<- ht-*«5ttS, * fcttttft LTV* V>Jg-&/1- h 
5tS£bfc«-&#*K8iJ?-5* tt^bfc*^ft©#tt**fff*» S fclilS^^- F i-~ 

lc 51 ft § o 
[ 0 0 2 4 ] 

*■©£##«**, -Rfi4/W*f*>'nJ'-f 7 7*4HCJ:5 4*JtSSlc¥l07- 

F t£ £ b T £> J; < , f LT7-f-/7/l/<D«Ili:3D^ F^flt^fc, *S"&><- F ± 

- IS b , Lfctf-aT«flBIC3n-rF#HSft:Sft*o c ft ti « ffl , 8B5© 
ft £ © SP # *e © =1 n F © m J£ K A 5 »J J6 f § C t ifi T- % £ „ an-f Kft^tt, § v» tt 

[ 0 0 2 5 ] 

aftwtcti, ^>/^«o±54aifi4*^?s, at®*? «t tf u #> f Kmm b, 111c 

tt£M*4R*lltttt?K:£l& b, * bT 2 o © 88 — F b 5 J: 5 icMB 

s*^>/^Hii«s{ / Fffl-r§o$s^^-h^-©--otb<« ; e©Ji^5»#tt^tBni 
bI & % m ic i d m m it it 2 ft t & a v> o ii a « » e is ^ ^ - f - © - o ^ t ^ * , * ft 40 

tcflS©J|g^^- Ff-^MSt§ CiEi5, IIIffffltSA- F ^-**J0«i«K3itf 
ft§o fesvtt, *S^/^- bi--<D—3lfii'9i- frfcMnW*%*T5 c 
SfettT?#*v>, ffi ?t rJ IS ^ Ii ? ^ S IS b T J; v~> 0 *^0^©-iiJ®«, ri^W^^^ffl 

(ltk"-Xt$otU^) KH3ibTH«{k*ft5)il**< 

tf/*fctt*a«»*KJ:t), !5E^KHllTl^ftSnTt.J:i/\ ft t A «\ Si© 
«#K*#ftlcHaLTH*fc» fe b < (±0^^ ftT t J; < , * b T « 2 ©ffl ^ -> ;!/ 
MSIfcfcPfl UTHJEfbfe b< ttHfcSftT fe ± < * Sfctt* 1 *±tf» 2 ©StffeSl^ 50 
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< jg^-/^- hi--iti3S.^K^-^hX fe iv\ *RWC, # 93 fBI » IB tt . SfcttSK 
[ 0 0 2 6 ] 

Rifr5«5frCft8T*55. Blfcfc^Ts §1© B 1?K H « ti S * n €ft W - fr, * 
[ 0 0 2 7 ] 

"Rapid and Sensitive Detection of Aberra 
nt Protein Aggregation in Neurodegenerat 
ive Diseases" tl^llf B amd ad e t a 1 . , K & K> 0 1 / 2 

H^#fFtBH#^^P CT/US 0 0 / 0 1 9 9 7 f (WO/0 
0 / 4 3 7 9 lHT 0 7 / 2 7 / 0 0 !:&ii) > "Interaction of C 
olloid-Immobilized Species with Species 
on Non-Colloid Structures" I: 1^5 *if B a m d a d 
e t a I . , fc,fc 0 0 1/2 l/0 0£HlllStift« HP£1#ffFtB!Pi##!gPCT/US 
00/0 1 504^ (WO/O 0 / 3 4 7 8 3 tlT 0 7 / 2 7 /O0KSl) > "I 
nteraction of Colloid-Immobilized Specie 
s with Species on Non-Colloidal Structur 
es" tHIlT'Bamdad et a 1. , C j: t» 0 6 / 2 3 / 0 0 ICIHIS tl 
f- s -f&MKPfiliZftZ (common ly-owned) „ RlBf«S*©*H#fFt±iP 
#§1 0 9 / 6 0 2, 7 7 8 f I fcitf "R a p 1 d and Sensitive D 
etection of Protein Aggregation" th~> X B 

amdad e t a 1. , K i 5 0 8 / 0 3 /0 0 t BiStlft, -fifiKHi^nS 
(commonly-owned). PI I** H 4< © * B 4#fff ttJ ftft^fH 0 9 / 6 3 1 , 8 

[ 0 0 2 8 ] 

** : „ , , 

[ 0 0 2 9 ] 

cDE^fp^^fo C<0£*rtK:a:, ^Mt#fit5ftl, £ fig is =fc ffl #1 

■b-ffpcotSttlci-^T, ff fiffi A s> *T fc> tl 5 o 
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[ 0 0 3 0 ] 

#*f8Bl©;fc«>fcffiffl3ftS8ltft (-8 * T JR iH J£ © * $T?V* C ^T*f 5 

* fc{4«ta, t u < ««# c s t i r r i n g ) , st^ in, 

1 ( Sft *D> # ML M ( v o r t e x i n g ) <D £ 5 * fit W ( a g i t a t i o n ) ft if © 

osfflti d n ft * t? s m Wl t l t m n t? * § t o t* % § „ m m n. m t s m ii * & ? a 

*fctt«**»OJ:5fcfcIELfctt?) = "gBKfflnTB&fcft?" tt, ft i: * tf 

K»owi»a ut, '>*<i:feiB#H, {fffl-rs^tft (-mK7k®w.) ^fitscss 
■pv^, -9- -r x * <£ t>v $ it a k * # + «• k: * s ^ t © t & % o ffi©iaiiaiRr«*tt? 

{4, *fSUBK:ft^T* ffiBoftLK, 5 I* ML 10, HF^ * ft tt 1 * H « * fe , Siffl 
?S©S$TV^5T-fe59 0 
[ 0 0 3 1 ] 

1 0 075/S*»©*S©75/Bea|-efc3#L 3 0 0 7 5 / S? f; T? © IE 3*J £ # C 
ttfTftS. # > /< * K it -IS K '> ft < tt> 1 0 0 75 ;»O»?T?$5i:**6n8, 
[ 0 0 3 2 ] 

# 0J§ IB « tM£ ffl £ ft 3 "ftJSSIIS£* fcL *U-HcEtii^tft4IlcHSShTV^ 
Tfei^^f OS^gf. ^Oi^4»?O«0aili, t X 3^ > J; -> X x > £ 

# «y AL n 6 K H£ £ ft ft v> 7 5 / (*U75;|^) * £ ty . & MIS ft * ^ 

[ 0 0 3 3 ] 

* fl IB » T{£ ffl £ ft 3 . "&«*EttSS£LTt/'>5*l'-h" Sftli*b-Kc±DEfi 
ISftSftS&JRtt, * U- h MK. <fc t) EttlSfcS ft5ftJB%S U *©*1^- hSUtt&S 
±OT<T©f0fflnItiftE{ulS^g|5fi^«^?t\ £JR»ft* ?C «fc S *6£ E fU E T? * S 

[ 0 0 3 4 ] 

m © is -a- * m m l „ fuT'MioiBiig^H'iciiTisftJti, ?iti2© 

*^t>E{fc«gftT5o #ItLT*B|$ItlClffl?tl§B amd a d e t a 1. , © 
*l#ff! 5, 6 2 0, 8 5 OtBlflJiKl&i&tEltS. 
[ 0 0 3 5 ] 

"S/^ ■*-/!/ Ml!!*" tts ^©#ft£Hft«ftKS* * fcttj*ft«ftffl5ffi-l?3*f C ifiT* 

* 5§ bjio ^ -f /I/ e M * ft ti , fchWPBIMIBfcfc©, # P! f 
5t|£ix4<Ttil/^K t> L + # ft ■ ( fc fc * tf , na^FI?) tfi h ft £ t h M 
IBTftfcH-CSSfc©, of M W K (*KSfcl4«?W«ilftH*^«Jll«*lK:J:?>) » * ft 

S(ltT§*fts a«ftffitt{bx*;V^-K:*RfSt^«Wft»{fc/a7n^^-v*^r 

K{b«7t - gtttf?© «t 5 fts ifWiftHintffitiffitsatfTtssft ( " 
ffitt^?©^ 5 ftmrnstt^T-, sjtsui)- (sua, »^tt©»«-*^tr) , r^yu 

*-X7x^>y'>^^;V**->^--lffe*tf7;l/*U*X7r^--lf*#t?i^^*S^ ~> 9 
■f & 6 ft s o " > ^tii'glS* ©WSKft " ttx * ft S ftfi ^"-t ;Kk* 

mJl&¥frc%: < TfcJ: ffi © ffl t fb * W > «^fb#«s tftttMl 
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* y (f 5 ft 5 . ~> ;We 51 * ft © M !K ft « . *fl»tfttlSft5 " -> f * ;V £ 51 * ft 

[ 0 0 3 6 ] 

*BltT?«l?h5> toil ftB7-f ^/HOSItlbti^ "BSSftft, S 
ftBlfi«n«i5Kl^lfe" fitfftWISftWJllS, iSW4i**W»§ Cfc 

fc tf % Utfy/XH/^bTlfJ'y) k: £ 3 51 IS s + U- h/ &JH*Sft©*5ftffiffc 

fcis^a, e-xcft£ isftW£5i!S l^x* f-w > a © * 5 * * y/<>icii#f «» 10 

ft£#S«fc£%*ftfc:ISft LfclSft«, GST-**' Phage ©£? ft # ? © SB # * (31 
ft^-h*-fcftSWfc£<ISl¥«fc*Sftt-5t»© (fci:3.tf> G S TiDlpd^il'^f t 

* 5 fc 51 ft T § , ft € ft 5 , ft-;Vtt4£«S$S^t*A^t-£«„ PJ flt K , A SIS ft 
>^*»oIB, & ffi K ft * IS ft ( f - * - ;1/ / ft IS ft ) 1" 5 # ? Tf & o T ft JR * 12 S IS ft 

[ 0 0 3 7 ] 

4: A ti\ n*KA*fflK:H3fe*tl**;l/#4 l S'U-h - St 7 >]/ * f - * - /U K E D C 
/N H S D ft#ISft Ufcflti, *oanc«f»^fiKBSJn5. 

[ 0 0 3 8 ] 

*«WT-«isti^ "tew uriasfb^ns" ttotfa-KHjEsti 

Ifeii, fckjtfcfflSOja^tflillflltiaiftsn** 3 oi«»KBft«n* c !: K J: 0 
, ffi © $ # & K il £ £ n 3 © t" ft T £ 3 . i: & 2 ft ft fcffl& © $ # i: 
a IR W fc (trans 1 a t i o n a 1 1 y ) P 51 T § <, A fef , -> ^ 7b fS 51 % ft If 
fcftatB! LT0£2 ft S . IS^ltfHSSnsnD^ F8?Kl£Sti«, *SftStfH 30 

^KclLTlSft^ns. £ 1 © n n -f H fi ? © S 0 £ £ ft ft « 11 ft K: IS ft L s 
fLTSZOHD-f HS?©*ffi±©«* s RIUft#:^SSab, CI c: T 5 H ft « # - 0 H ft s 
»»©»©fcft5*ft> IfflflS, 8iJ©»?ftHT'^oTfe i^iffli, 3 p 4 KS?ttH03 
D-T HftfEH ITlSftSnS. *5893fl)fl!l0*ttfcH£*ftS*N £fcttHS*ft* 

* 5 K ii ft f 5 CI 4: * RT 16 ft f t T © % ft t> S fc , AS © * ft K El £ <t * ft & *» . £ It lA H 

Sftsnsiati^tsct^RfHTSo, ii©«ftfcwcT-fe5o 

[ 0 0 3 9 ] 

sns, *fcttHjg*n*±5K:aft , r*" © s 8 t n t t & tc ih « © * 5 c > a # b>j © 40 

[ 0 0 4 0 ] 

^Mttffifflsns " # # ji w is ft " a > * ft # © # s © 51 nr © * * # a e> n 3 „ 

ft«&?£l§r^ < iBJKSnriiiatt? **i»t 5. Jftfiftttt, na^Ktt 

? H: » T^T©^7T;©iTlS* <! 2 5 0 nm*«, ± !) ftSW t St^TO^TcOiBi* 1 1 0 
0nm*Sk flttflKlil 0~30nmO!>(DT'S!), flTil, !SH 
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[ 0 0 4 1 ] 
[ 0 0 4 2 ] 

KiS " K *T ti W T © © % ty * ft 6 K PS £ £ ft ft i v W ffl £ tc ti * fg BJ3 te $ T W 
«f scttf-ess, ( "£MW§s«" ) £ ft ti^>TftJSM^!!©£»^W 

t> L < tt*4**»«l{*:ft*Ol/"» , f nfrOffllBs *> b < : t 

3 fc , © * % £ JS -"a- £ ft ft k h S ft ti IS * 6 * Bl * ft ft It ft # * 5 = 
[ 0 0 4 3 ] 

®m<Dm#* "%ts tmmt n%nn" j*#©«#*ttT**t*»**i**-*. ft£ 

*.(d\ #Mttft**fctt# - #MttM0* 5 ******* ^« 

5tK?n5isa%sit5o cnicmtft "tsft" tcti> t f t fctitttjaa*©^ 
siftfisnftKfi" a, *©{fc*«tfc-i£ft¥WE-*J$ft««3a-.a", ititttssci 

, 7 X7° U-f 5^* 7*7 'J -*©{£ ,«©^7°f- FB5U* &nSo thS 

, $ ft ti H ft US , 'J -v /< W , tt4***0»**fcttfl!lOKfi*H* , *« r 6n*. 
[ 0 0 4 4 ] 

tft'tsiifiD^f^it. ^© J: 5 a^^oaiwftStctt, Aintmii2»e»i o 

757iSS$t07;ytE?JtftStiSo £ ft 6 K ti , k X ^ 5> y ft i tf ~> X x -T "v 

( " # y 7 s / m $ 9 " ) & & * ft s ^ , f-nsfcHHJEsti*^. ^ © £ ? & ^ # ti 
» ?n^tftxf->>'y?:ttfi:t, " # y - txf-^F7n" s a 

^ " fc L < U: "HI S - * 9 " h A> <t <* s 73/-fcL<tt*;1/Jl**5'-*48©V'> 
fftfr, $ fc & 7 f- F t> L < # y * 5 « * ft ti 9E R © > ft«©SWM«K#ffiLTfe 

* v>„ 6 5 i o M $ t? © # y - k x f- y h 5 * h &*&W © ttffl t ti iff * l v^ d $ 
fc , * 'J - k X f- y h 5 * h ti 18 ^ © S S ^ > ^ f K K Wt to 5 ft 5 £ ft © 9 S b fc k X 
^^y^ST'fe§i:LTilBlWtc^«$ft, * ft p. ti & JR * U - h * v A ± 7 » 6 ft fc * 
y K © H » tt « K s * ft « flfi © ^ ? ( ft * tf > HI S -^fcEJS-rsffiflO © 
li5{tffltc < t0 5y/^K*«©lRl^ ; £Ti.ci:^-e^§ <5 

[ 0 0 4 5 ] 

MIS^^^\ GST (GST/^°;l/^f-4->IS#^y^7°4'tCfeS) , *3 i t>" X h b 7° h 

7ks>"7 (k*^-^y/x h h 7 k^yifg^^tcS 5) 3^<ttf6ft« 0 *B^iB#©§a 
f 5 V -f ft *^ © ffi «l tc ft ^ T , * iff BFj ti * q| « « tc 12 « S ft ft f ft © II fp tt ^ ^ A -1 5 

©nw^ft^ftitty, -lofi^onas^tft^utsist^ft?*?. 

[ 0 0 4 6 ] 

* Bji m m t? a ji * ft « " » ? 7 -f " ti > s AMtiatft«ti:i»t5jiii#* , «tti: 

t«fiicl«f 5ft»Oi*t*»"i , 7'ftti«t8. ilfttcti, fiWtt^-?. ^ftti 
TttcEKL, fLTttTTi0fP»ti«^t5 1 S A M * tt Mffi k « ft *6 © X K * 

c fc*Tf**«-?*«*tf 5nS. #i)PWft^?7'l' J r©^PS'te^'S:y X htcti, 2 
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f Y tr 0 ff, 2 7" h'O v"-/K fftXKh-*, 1. 2 

- ^ y -tr ;/ :* - ;K l, 2 - ^ > -t? * > ^ * - > ^y^y-i^^*-* 
43 a Xf 2 - y /I/ A 7° h x ^ ;V x - r >l » * 5 ft % . * fe , • * © ¥ IS T* £ $ tt * ffi 3i 
Vs»?©jS*PKi ■? *»?«oe#tt«r«i6S C ttfTftS. fi« S AMtt, WTO 
fe©fr5«J*t?**tf, tn5KHSSn4^: 1) ItlfPffjhtSfU (x5P_;b7x 
x;l/) * ; 2) 'O-l? ym?*W±? 57;l/*/l/ft-/V ; 3) D N AJtSTMfitf * 7 * 

; 4) |£#^ji43 fc^ + »Kts* * > ^-f n*»©*«#iha ; 5) ±§e©± 
t t ^ 1$ n w © * * Pi « -r § x ^ u > ? v 3 - ;i/ ip. ol s fc a ^ f- ;w s © v> -r n *♦ * # it t 
% 7 ;i/ * ;l/ f- * - ;i/ x ^ - -9- - # ? % & h fc fe <d t fc a 5 1 ^ fc fe © - * * - ;i> « & ic M ft 
1t7b^5fci6tC S AMOSlft»*l=*^TB«Sn«. *HftfF^ 5, 6 2 0, 8 2 0 

[ 0 0 4 7 ] ^ aB 

o 

[0048] ^ „ 

[ 0 0 4 9 ] 

[ 0 0 5 0 ] 

"gaffittftmtf^JS" (sam) t^9)ii§«> gfiWK*iBfc{b¥!»»«n*»?o 

7b-f^ff^-r5fcJ6lcKg-rS»?i:fflSffJlTSgP^ ; £^iyo Laibinis, P 
. E. ;Hickman, J. ;Wrighton,M. S. iWhitesides, 
G . M. Science 245, 845 (1989), Bain, C. ; E v a 1 I , 
J. ;Whitesides,G.M. I. Am. Chem. Soc. 1 11, 7 15 5 
-7164 (1989), Bain, C. ;Whitesides, G.M. J . A m . 
Chem. Soc. 1 1 1, 7 1 6 4 - 7 1 7 5 ( 1 9 8 9 ) *#K*ftfc<^ * tl 6 « 

[ 0 0 5 1 ] 
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[ 0 0 5 2 ] 

-iffltu^T, * m it ft #t , m » x ^ u - - y ? ts. e © tc n> © it m m s tc \t §l % ¥ « 

f¥fflMM©tlllSfFffl£±iai- 5. * » W (4 M fflffl IS ( « S ± T? ±^ 5ffi T § , l:fctt}g}£ 
[ 0 0 5 3 ] 

-siatcfe^r. assaa i Bfiiifkm^^e (sams) e «t t> Mfubsntfe 

£«{*©) tt, H#£»f# (fctiif, |:n^F) if^^t/veiSl (fcfcAfcf, 

ft 0 M it * ft fc 5/ ^ * ;!/ B H * % A ft « ffi » < E o * ff it 5 . ^ 1* ft * # ft ft * 
KBHtnfti^, «<fc#«*EJiffl2ft* i:, 3fi< © it {fc il t£ - igtt&JRH^tttftft 
5 © # M & gHk m ffi £ § , « ? * ffi tB f § i: # x & ft 5 o ;1/t--s?5> 

^©±*HKiSiD«ft« 1 1 , zftZtKD&mm&wic i. tj ^< oi7tffti?n, matta 

-.(ACV) fctffcfftS. IMgt#E{ifc]&ftTV>5 £ 5 E, *^ffl»l?€ffl?ftS "fflflS 20 
[ 0 0 5 4 ] 

*aW34>*«flRtttt. nn^ Ft ?©SIff) i K^IiO IBlSftf »f I (SAM 

ffl-r^c »s lv->»«© i -t -y htcfe^Ts %£fc^f$.ft?fr ZBf&z nrc s a m s it. 

* i* f 5 „ ClTO " * £ E m W T 5 " it, S AM£J;5^iTltgW^iI?:S«1-§ 

ft f § o "J" * to * » S L^m m E 4s v T , 8I£ft(iS«ttf * £ E 55 

l(C#6Lftl^f (-r^to-fe-a-^^?) frfiiftSS AMS^tf. SAMii 

ft £ o S AMs$ISt5SAMMI, Sfett»?!7'r-¥fcffl&^to-a:7£Cft6©a 

, & v < it $ AM*mLTnn.mmm*{&mt % c ttf~e% zmom (samem-^*?^ 
*fc»ffiifi«fc£tO , fc b < a s a Mtcn^tt&flfioa. 43 c ft 6o^fh*>c 

I**i>6i)SJftTt>j:l\ !fSl<li, S A M E H 4 ? % fl © T * T It , ^HffiEft 

tg*^$t?„ *5§w©«ffi±© i Bmmit^ft^Bit, v^-f nj^ofb*«*fcttflfe»*« 

b V - u y <f y d - )V - » ±m (Tct^iS, b V - x ^ i> y f v n - )V » ± f- * - ;v 
) % 43 it;, fcfc*lf-yfr;l/M?fc©*£ft:T?«*i:«K k x ^ 5? y Z ^«IH^^a© 

fl«T»* h Tfff Jhf S * 5 *s «»tti'yo»t^-ht-T'ffil:T5«Ol (fc 

4dA;-e^T±v\ *%b^«, an^K«iB, S a v^-Tft^ftt©» 
ffi±t4fi^?ftfe*RficffiSt©{t^wSfett4»#WS©»S*jtt«BK:Sa-r5^a* 
«ttt3. *56W©^ < ©»«Ki43VTs IBfflmt*»7iB43n^Kai±|c«ia 
*f8B^«, a FSIitliJ ft/c t ^ ^"gli^^^ F©*if[%jK 

stsit«^a4i«ts. ?nfn<D3P-f FHffi±©^yg L F^Kfcov^r©Mffi 
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:nft8#03D-fF*i79t'ft«8, * » 93 © « £ * & * . 

Slt U<, »SUmu tt**SttH, *> t < tin P-f FOWffifflft =i a 
•< K ± , SAM*, tfcttHJKPflSCttfett^ftft^*^- 

* Big it 6 in b Cfcfc*«* «s) e*»«*-r*««nc«ft**i* ^ i:* 

IBlft^, tttttt. |Bia»ftJIIS»#C31«LfcU *y KOfilftfflEi »K fflBtfRfl 
SCfcjf^tS. fcfcJLtf, jtf/V-fjtiBIIft#»?l (SAMs) 

JfOtMlsttJIWlcmiBfcM"*"*" 7fr#~y. f 'J ~> 

7^/^Vf-F (RGD) ^^-7*fTtT'<^ , f- K»e hD*^^y***b, ft & 
5 &#£©«SMS^TS 0 B«K, *'J 'J K r i n g 1 e F 

«bo±ic*s« tit fe iv\ "j!jyFe#asAMict»*Dasn«*B8ft^. 

[ 0 0 5 7 ] 

Sttfl-?. M§iS*K 7<y 7 1'**. U- h LT^St**, *-X7f^yy^/^* 
->^--if *j ± xf7>\>* y ** 7 7 # «IS-&~> ?^;HkS»*K <t^;i/5 * -y 

-feyxM, ««{k¥;i/5* >y -fe vxSPSK &H*Str, tt*©#a*> 
thfncifticij^TijRjfiTi^fc^acktMt^tTais. k n i g h t , 

"Trends in Analytical Chemistry", vol. 18, 
1999, pg- 47;Knight, et a 1 . , Analyst, vol. 119 
,1994, page 879;Stults,et al.."Use of Rec 
'ombinant Biotinylated Aequorin in Microt 
iter and Membrane-Based Assay S :Purificat 
of Recombinant Apoaequorin from esch 
1 i", Biochemistry, 1992, 31, 1433;Men 



i o n 

e r i a c 
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geling.et a 1 . , "A Microplate Assay for An 
alysis for Solution — Phase Glycosyltransf 
erase Reactions:Determination of Kinetic 
Constants", Analytical Biochemistry, 119, 
2 8 6, ( 1 9 9 1 ) *mt LT#»I?nftl\ BiitSl^Ktt, # « 5" 9 -f ^SitH 

0^f t n5bMca^^nfc->^t;l/aa*ft«^7 l c^?-eS o Tfe d; Sfe^Tt^ 

h * # tr , m ft m # & €r l fc tt f* * J: fib © m ft m m * > > ^ x « * * b * m m ft * ± 

tfffit*fcj£ < $ji£tiSo c ti 6 oitJlfi £ y/< * Kte £ tf#?tt % §!fntt£?\ edc/ 

NH Sftf KiSfr, $/ctt*f8 0j!tfetg©NTA-SAM-Sffl=iP'i*F±KJI^^n 10 

fcH i s - £ ynynf'f yAtfca g s\(om-&K «t S frO^fft* ct 0 > 

Sfctt*b-h/&B/ft*ltt-fr*^IS-frKJ:Oiaje«tiTfeJ:ir'». tilt. Mft^ft 
«: ^ ft £ £x I* ic 3$f# k o L , ^ L T St f* £ ttft tS fc ft © H i s-T'Df VG kite 

* u- f /&m/&m%H'&$ vttmmr s 1 1 1 * t» , iishtu^. ±ie»#£* 

[ 0 0 5 9 ] 

U^yKiiftftaP'TFtt, g B (SAM) ti»)i)E*Sfttt, * ft 

ft<Tt)«t^*ffiOiS<fcoft€jh«)Tfe«J:<> *££-CJ;9M£ftfc«*M>1a©iSlJ 20 

U KicttSTS C £: fe T't S 0 25SWi, IBS**y/^Ittl*S1tfyF'Jv 
-±© 'J iSy KfclS-fr-r S c i: 6 t»# So * 6fcHfla*** «Mffitt^fcti 

u v- tia t fc y * y f kiss -r s c t # t* * s . 

[ 0 0 6 0 ] 

it fc> 0 & 3 7. - A fc *3 T „ El©fS2 0©I&5']#>K^«fflt5Ci:tfT'f 
HkSti, *tt««lc||IIB*liJfi"r*fc»K««-r*c W£>©&S*ffll3§«ffi 30 

[ 0 0 6 1 ] 

glj © ft fc> «3 cftSX^-AICU^T, EI<0 3RttH48tttT?iftt8 2-307in-fey 

ttf^ts. i2(D7iDtyii»ii, MimcM£ftfcfflMffi§^ftfcii£-&'r s 

$ 2 © 'J FClgWI fcttiagfttfcjie-r So £©¥©-?«, 2 00->^t/HDJtH 

388i©£Jg¥«, UK, £fcli«Ssi&fcWjiILfc^{bfc A t) if^^tiSHflaii*^? (fc 
£ x. If , £ y £ » ) © S§ 9 © U * fu * * y y 7 U - ~> a y f S fc ft fc ffi ffl f S £ A 1 ! t? 

tSo c:«D5sgsjtoJt«i4, n uftM*-&#*i*opi y t s t, okovt tff 40 

U ciiCTtStf, H«««S^>y KiTK»<0»487'J a - F^^y^i^- Ft? 

o 

[ 0 0 6 2 ] 

ftv) ©5!iS§£U *J:ff*ft6t, 5f#lclgt5)!)\ t fc Id: Iffl IS ± T * © £ S K L 

Tfe^x t J; ^fc 1 7L if Mflsatii ^ tnn £(dmm&£$ y m^^-v-f 
- © n % , * n 5 © # ft s fc B ^ # © pj ^ . *3 <t ^ n e> © b ^ ;v © % m © fc ft k s m 

^•LfcgEftk $ fcliiiS© 'J Ftts S 2 F i~- t LTftmt So £SW* V 50 
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IBft*>>/^«tt«I, JJitffhBO'JJyF, * fc a 3 o -T F * It teWWW it 3 

a y Koiaft, y y * ;i/ e a ib tj * * t « tt ? k a l tc m * /< - f- - k is -r § c 
(ciintSiit^Tf §„ coJStt, ^ Rf k fe * # *r ffl t? * 3 „ # y « s fc a m 

?g<9 ttasvar c t^Tti. v tfy F**j:tf->^^;i/eaifli 

?tt*1BlClB»«R:IS*LTS/^^/l/**A*"e*55.«lil4*l*flrilB«:tt?-ffa5"3T 
h5ZOOSfti:»IlTi>Tti^, tt?tt, Hgft*nfctt#, A tf fit f* IS £ 

■r s t xf- ~y y # vmwt'f o x-r y g % 33 j; tf*o»t#tt«a«D u # y k*rm it t, <fc 

[ 0 0 6 3 ] 

7 x a -fe y , 3 4©£?fty^;W£)iai;fr:& i &W-t33n^ FS?3 2 £ » IS * ft 3 

. 3 o © is £ /< - h t - 1 m m ie ft s si 2 © a 3 6 « % « a m ? 3 s e it is l , 3 8«-> 

T-* ft V>#s M4 0fc«*Wfc5ll?«*6ft5C fc#T?*5„ tDfcltt 20 
fflftlftf tfe^T, 8 3 0 & ± XffS 2 ©8 3 6 (4 £ IT'S 0 , Lfe^oT*f8W 

n^F«Su W»e-X, 38KlSTt«J:9lct«Ckttf9, * © fflJ ffi © - « 

n d-T FttfflJfa ny HII'NOBgCMSB, ?K» VT- X*«S fc 51 # 
„ n d F 14 ? 6 « S © 3fi < t J6 § frs £fc&*l£LT^ft^fr£M£t-SCi:fc:.};!3ff 
t>ft5 0 JittWfca, 2 o di # & » j|£ * T? — *g ^ y + a.^- h L, t# 5 ft fclf 
5K*« KM £31 ft * © ft « # ;b * y ;>< h 'J - (ACV) tc 

t"§(Laviron E:j Electro Anal Chem. , 1979,1 
0 5 : 3 5) „ IMBtffii!>RS2:lT, 'J 7*^ AT7*d 'J h ?tl5. SI 1 $ »± © 
• ffi^c tt«*Ufc¥ «f ^-?-;l/ejl»»tf««K3f »K*ifi Lfe»«\ #tSWft*ffifc: 30 

$t#ot'<&5 5. il«»tt/hSV^an^FT$5fti!), a a F 14 ? ± © SI 1 © U 

fciattfta&Lfti 2 oisiiotiifffflici o . i^ni«K#itimcM£ftft^Pi 
Mt't'ESsftssT*??. y ifi-ji'mmti.Tififs 1 ©its 2 ©apj©fflsfF 
fflt«toa»e-x»cia^LTi/-«5*^K:o*, « ? n $ n. a « * ft ^ n ^y ^ ^ ^ 5g 4 

t5T$5 % CQflRtttc&V-tTx 3 a «f F & ? B 7 x d -fe y tc f!l m S ft § <fc 5 ft , M » 
[ 0 0 6 4 ] 40 

c©w^#ffi«, 71^-^7*-^^ h*©^y/^« - ^ y/^ft«sff ffloaa*^ * 

»l©^y/^K©ltg«{b^«*-y7Uy^£J:D, 3^*^R»$^lT7'of O 

^T? ft § Cfc k «\ *0J5*ffl»tc#M t: LTSffl $ ft 5*H# ItSf 5 , 6 2 0, 8 5 0 § 
*#»?nft^) . »ftWfttt*/<- Ft-ti, txf->7^"gl^y/^ltlTS 
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Ui\ 1t«7 W tii L x ;b7 U-f © * ft * ft <0 £ x ;l/ a , «&e-x± 

- h x/ncai* &c8siiq£ ftT t> J: v. *e2©*tf*:"<*lltfR*J©*5"< 

* ft K SiS t ft & W< * ft to te „ i^nftS^ft5tl£K«l^ltttttJ;v\ 

[ 0 0 6 5 ] 

«fc*^l±, H(|*»«ftttft*fif|ifflM3 0ttlilif*5< *ois-&><- h-f- ( 

, E*«ta«ft««aK*s#T ****** n«^« fc*K*»«*^««tt?K3itt 

b % « «t BE 591 © * > * K * s ~> 9 i- 'We 38 a o W F fc IS •& b T J: v „ $5^B, 130 
fejctfsetts ^-ft^tu iJSSiffifilcWtS'J tfyFT&oTfc * < * ^bT&W 
U3D-fF32 fe* tf 3 8 fcjfi^tf, IW'N© U # > FS>»S£I&ST SfBfli 
*ft©#&TT* 3 0 % 3 6 d £*#c Tfc*V>. ttTTlH«n« * 5 C 

[ 0 0 6 6 ] 

EL I S A ^ ^^1iiifeJ;tJ : SPR©<t5*K#©*j4tM§ii©feffi<Dfy^:i:tTliW 

a) ^y-f;i/ejt*» ; **tfb ) *>/<*H«tt©fca©*iiBaio tx^y#?-«it 

ji>/^R*jSSt5ftftON T A/N i 2 + , *J;tf«?«*fc«««{b*W->^^;l/ 

gi©fci6©7 x D-b > SB»«Hb¥# : F0tt=» n-r FlcMS 

ftT Ui\ |f*»*y/<^K©fl:#W*y^Uy^ (IlEDC/NHSltf) ©ft to 

§ o * K W V> T ft © 4 «B ¥ W a t. -> * ^ 3* * # * W * * a P -f FlKJtlSfkti 

:i*i?ts, i&&«Hi»/h*a^w±-t?s»c£«{fcT**ftto, *ffla&*©±^ 

[ 0 0 6 7 ] 

U#y-Afefgi©iS£^-F^-30£&9&tycfc #"?£*<> ± IB © £ 5 £ , ~> ? 1- 
)i & m i # y * v - a k u t> 34, * ft t t> ± v > * ft a u # v - a b $ tfc £ h i s £ ? 

tt , gjHtt**im*-fr*fc»fc, y#y-A»jS«fcUVfc?gtt{fc<*ft*£lBfii£**"* 

[ 0 0 6 8 ] 

*ft, *w«aorastt«^«ia*7y ■fe'T^ffifflt-* c fc t ± o fr 5 c » 

[ 0 0 6 9 ] 

«,73ffi*'BSfcL.^bT^©tII«^ft^^^-b^-*^»*B£31^^ftfili^-r* 
[ 0 0 7 0 ] 

fffl^tl§iaSItt#i©ff^tfeoTil/\ L^b, KW©fttotC, felttSAMt 

it>i*sn5*a*ffifflt5, ig^^-h^-^^#:«rffi3t-r*ftto©23a^fsig$n 

5c gfttSAMli, &JR«®fc«e^ Lfc^fCltS 5 s ^©*®«l§ft7;b^;i/^^ 

b-hcia^ifeafflfc^o^-fcSffl^nft^siD^^iiiit-eit^^fe^^^^o* 

?g»©ft to©»* bV^tiKtt, #?7^ (^ff^fb^ft©^ U V-) tflDiiSftT 

crafc-fes c , 6 h , 0 s ) %^tr*« j E-n6K:iHS«nftv> 
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[ 0 0 7 1 ] 

lit 1 ] 

[ 0 0 7 2 ] 

* m to m V tt ffl f * " # ? 7 -f -V " B, S AMT'SIL/cIitgiLn^ilft^il 

C^f tlStSfiitt^f, * ft 8K ft « S t Sf M f 5 4 5 fc S AMft^l^it 

5 t ttfft 5^ftftin§. 7-f -VOlflRjeWft U X b K 14, 2 - * /I/ 10 

ttfYMV^y, 2 -*j\,t>7 v'-zK , ;^*7i/'f i, 2-^y 

1, 2 - ^ > -tr > S>' ;>< £ > :t - ;K ^y^'^-x^y^^- — ;K & 4 
XI 2 - * ;l/ A 7* h x ^ ;i/ x - r ;l/ * if 6 ft 5 = S ft , M ? S © SI tt & * ffi © ¥ ffi T* 

ewtt^Mf §^?oss*pc<t & s&s £: fctfsrsn?* *. {h*H£sam&4, wTot 

©fr 5 ft S tf, fti?. fclB£S ftfc v : 1 ) «tt'f jjbf 5 * U (x^x;I/7 xx;l/) §1 
; 2) ^:y#y!«T*#ji:t"*7 ;l/*/l> 3) D N A^STf it§7;l/*;^* 

; 4) K^^^CBS § x V>f n<POItJtff±» = 5) ±ffi©£Tfc#1$ 

;l/ - ;l/ X ^ - If - £ £ L ft fe © I: ft 14 31 ft © <■ f- * - ;W4 S A M © BP & © B 
$fcfc^T^ft5©&^©8i»tt©fc»fcffi*iSftSo#Bl#fF»5. 6 2 0, 8 2 0 20 

^fciffffioMAlKKg^T, f- * - ;l/ % 3 R ffi # » t? R » © flU © # 7 t ■ St L T fc 

4 

[ 0 0 7 3 ] 

tt«W> R G Dffi?lh K r i n g 1 e ^x-7, > r 9 V V, 4: tf * ft & © ^ 7° * F 

glffttt) fcjIStSfeftS A MIC J: 0*W*nfc«*KJIIB* t *3'6SnTfe $5 

c©Jfi=r, "j * y K#i»j*»fc»»SftfcS«f*ett'& bftiK i?ft^/tst^ftfW 

U # V F M#ilT3ffl!§*ffi§«{*©S5t C Jtfllf 3 ft 5 5 „ iSiiOit fc bT©ffl§S 

tsctttfts. «ft> 4a#ttfcaiB!!i:*iSftffl*«*-r***o^^u- = >^tt 

C © 36 % fg Jl L T J-X T © ^ f n AMC 4 D fr 5 ti:^T*t§ : Sfffl[itHcl!(iTfll ! ttl^ *B % !$ 40 
[ 0 0 7 4 ] 

^•fTb^CPittW/WrX^ACmft^^T 0 (r amp) tSSffl-TSfcltffllfittBlttffiW^tl 
JSftJ*ffit§lt*-are.ftSo U ^ > H * M m t S f* V F U v - * ft 14 

o SH#t4, x V F U v- * fc (44-° U -7- t ft© *y 9i-fr&MMW*®BK ISt § c 

4-;VNT AAOf tlBOlS^ (*34lf|SH £ L T M 31 L ft HH JS © !&§£•) ^dSlt§o ^ 

itffl^a tr-x±tc 7 x a -t ><d 4 a *ftJu^*ft^***T s s a m s it, m'm^wm so 
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$stt§saiiii. ffl as ss a # ? k «t s t» ©© <t ^ &#swffls#Ji s fctt#WR« 

HEftfllfc * ?K tt$«fc, 3:fcfcJ:fcX*-5>y* XMfc«k !3$]JS&3I **** c ttfX* 
[ 0 0 7 5 ] 

L^L, FX-©-o * D Jta#**v<»fca, fc «fc *) it 

JtU S fc 46 fc -<V* a ^-S/ 3 >RPlT»«*Wa#« { tf fetlT t> * l^o 111 3 2 A 43 <fc Z>' 3 

2bb, mm^<D%£&wnwf®**t ^ fr&^mw& zzfttm, * ti as * fc » © ■; 

(NTA-SAM) KiDan^KKft^Lft, Sfcn Ftti?MSfcBlS<tf 
»J'yt*ei8Oft»<07iD-b>iJ|ft4jia : slfe. Pitt 74 BB il/T3D-< F**$I 
ffi £ & ft * T a a* b , 13 2A0 7"0'?F5:ffc. ao^FOlt^Hi, X ^ * ^ * > 
T* $ ffl 5 ft fc # 'J v - tf - X ( 7 j!j P - X ) (ciltfco nn^T KB^/l/^ff^y/G S 

t ts^e <t o tr-Xfc mfe « n, tr-xafijjfcj: oif ±EH^?nfc. * « fc & <^ 7 

x p -fe y © ft M i£ tt tB % S T 0 3 2 B © A CV7D7 F * ft 6 ft fc . 
[ 0 0 7 6 ] 

X -f £ % ft £ S S fc *6 fc « S y HlOjSStffltSCt^TtS, ^icfliOrt^ 
[ 0 0 7 7 ] 

S 5fcffl||S*6-&# : ?tt* fi»tt»?t £ Uft**tM^, ?S©#i Wb&TJ^s* 3 fcfc 
^„ bfctfoTs S AMIJiSifliTJ (3fc¥fflt fttttfWfe b < fcfc«Mft¥«) fclUBiS 

*f*-/K0llij;SAMft"Tfii1to<'JKti-*ii:Sie4«. * fc » s amcH 
p 5>-tt*fflJ»*S* fcHt > j eo»**UBO*ffllc»-3 ftSSftSffffiT? # 5 «fc o fc*t# 
tSCfctfTtS, SS^fltttt S A MOttOJ&jajtt* & fc * Win » fc « ffl * tl**B« 
ff|5, 5 12, 1 3 1 ^fcitfHIKttff&lll&MWO 9 6 / 2 9 6 2 9 ^ fc f B « © =fc 

§ 0 1 ootttu*a«, h u - (a c v) fcpf tfn5«*^*»aai-pfe 

c © « a # a a * «k t> ffi**wa»*fo j; 9 ftf*mwft»*faiii©«ffl fc <t 0 afc-r 

» llCSI^IltSJ:, Jg5ftl«ffi'\©*i-&ft©*i3 ! Efc£ t) > *#«««©*££-> 7 

h#9i*ficsft*. 

[ 0 0 7 8 ] 

-i8Cfe^T, WT©.fc5fc»lfi£ffi*^"<*Jt*fctfJb, «lf 4 C 4 : I 

ism * > /< * % * B«t 5 1 x ^ s> y * ?mm u # > f & n t a (hi s - * xm * 

© fc & ) 0B*SaSf5SAM*»O3n-f Ft, * fc , C ft £ © £ tl # 40 

i^>^a^-Ft§. HB US « * © ft , SAMHIilEftlH, S fc it 

5i#«^e>n. a c vfc«t o«-«f«n« (0 3) . '>^*t;H5i3P^ Ftant^nft 

U FtfttB«flfl±© 6. © p X^-f F S ^ fc $S o" b ft J§ -a v 7 xP-fe v^^©^ 
««3S:K{k«ffiT?*j!Ktr-^3b^l3St?fe55o «lfi*ffiSS#4B»t5tii#tt, » *6 
fcH i s £ ?8Nt X p x > A S ft It G b T ^ 5 N T A - 7int>^jfonn^ 

FtI»»*iTti<> c c -e*ms** X«*t{*fc^-&« ^. 5a txf->"y^*?ti 

fc § fc i6 © S * t± , "Construction of the single 

-chain Fv from 196-14 antibody toward ov 50 
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arian cancer-assocoiated antigen C A 1 2 5 " H 
ashimoto, Y. , Tanigawa, K . , Nakashima, M. , Son 
oda, K. , Ueda, T. , Watanabe, T. , and Imoto, T. : 
1999, Biological and Pharmaceutical Bulle 
tin, vol 22: (10) 1068-1072. ', "Human antibod 
ies with subnanomolar affinities isolate 
d from a large non-immunized phage displ 
ay library", Vaughan, T. J. .Williams, A. J.. P 
ritchard, K . , Osbourn, J. K . , P o p e , A. R . , Earns 
haw, J. C. et a 1 . , 1996, Nature Biotechnology 
Vol 14 (3) p. 267.; "Expression and purific 
ation of single chain anti-HBx antibody 
in E.coli"Zouh G, lui KD, Sun H. C.Chen Y. 
H . , T a n g Z . Y . , a n d Schroder C.H., 1997, vol 
123 (11-12) p g s 6 0 9 - 1 3 Ciffitcttft'f 5. 
[ 0 0 7 9 ] 

W#E«S*i*. MU C - 1 ttH*MlB±CJI1ltK:383K**i*o ATCC 

^5A#-e*Sl:Mi«iaiilS^«MCF-7li, MUC-l45l«8St5. D 
ana-Farber Cancer Institute 5A¥T#*tt# 50, D 
F3SfclifcJ:u*DF3-pa, af-^^'li/DTOG 5 6 K £ *> W * 
ftttlgftf 65i'^t;!/fil3ni' K 5 2 (NTA - S AMs 5 4*»0) KSpt5. 
81 ft KB A3 5 8 14 % Sf^io~>yt;HElno^ F5 2^^!^ >*a^-h 7 
^*S5S AM 5 8T?»Blbfe«*k:*«»»b, ACVtiOdtftS. *«4 0±© 
S AMB, iOlfflO, g<ftl:ofcSAM-JBjafflfcS£Ufca?7-r*58£Stro 

^tff6ns. * * V tt , MUC-lOHSan^h'^yH. I - C A M * H i s * 
[ 0 0 8 0 ] 

glj©7 v KJZm 5 Est, Il7^7'J-B, MUC-l/l-CAMfllfffflOi 

5 ft, Mii!ada**y^^Kfc©i*i*w*asf^ffl*ifl»-rs j E-n6©ffi*K:»uT^^y- 

ryHTUl\ I - C A M 6 4 it ft K IB « © <t 5 K y 7 ;V fc 31 3 D K 6 2 K IS 
§U fff)|MUC-l (66) 5«E 7 0 *5 <fc *f M BS £ ^ V * :x ^ - 

|»ti«ffifc««L, A C V (C<fc 5»*f-r So S/^^;I/©**I4, *W«*fcO«5ffffl* 
^To B6H, «V>itT v-T * a 7 i ;V 7 2 07 W %fk<h*C 7 4 Qtttt1?flB& 7 W 

t-iJigOt 5 K UT»iC^Hb*ft5fr*»liBt So * ft fft® 7 x ;V It , 1 5 K 
jj* « ft 5 7 v -fe -f , $ ft (t SU © 7 v -fe -< * # €? „ 
[ 0 0 8 1 ] 

fttcH 7 Ttis 5> n-frmttaY y -b W ©fc 46 fc , Sftft3^*>f h U # > K#*J0©*IH 
* BBS'S i* 8 0Kft^tS*»*Xf y--y^-r*fc*K, /W«*5'f7U-% < 

^bfciftsii 7 6 ft, B-&ofe58«*8 o ^ust-sannas 2, $ ft it m m m m 8 4 

^y + i^-FtUi^Tf 5o *7 y -b C * It 5 X* - WWffiSflFffl £ 0 s ~> 
^ -f ;!/ « AP t S (17) o 
[ 0 0 8 2 ] 
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(HUVEOB, Clonetics^AfT-f?, a V J3 3 Of^ffl * * KM 

cr,x^'J--y^ofci&^, t? h n * * R g d - frW mm*1&m?z> h i s * 

FKI8*«8. Wl, fttimWff t/bfila O'f FI4H U V B ClBfeitf II 
lffit±tt^>*^-Ft5 D HU V E C««ltt««±T?*»S** t k*<Tf**o b 

So Xftfttttf o V P 3 - R G DE5ll«Sffffl*tt*"r*«^» SHtUT->^t;l/l* 
tfJtS, ia©ifltifix>F^^>^« V 0 3 - R GD«iff)BtlWt5 

[ 0 0 8 3 ] 

fS 5R3H§&5M£ b, * L T R G D B9U * fS is * 7* F « » ffi * T? m Jfi"T S = SBfl&ttS 

»*°tt*il«lCaV 0 3K8^t5 4 9 ^^^^ * tBi 

g d - FfcS»t*fc»lcH i s ^ilinrtJ:^ 

o 

[ 0 0 8 5 ] 

* * n-fe {(■FOlii!l , 5f^;H5i*fl!fcl/Ti:!)6»tlT*S. lOOmV 

^e,8oo m vpao#*©«fu-e^n^n^ft$n?.j;d^#a7xn*>'ii3i{* ; ?raw 

[ 0 0 8 6 ] 

iffitKt*^«„ ^ISfi^1i*8 6 14, R GD -SW^^F* 

§ &H£ft5, ^©^rffilciOW^tttJtaiBat^fcHiibft^y/^HOS^lRl^b, 

a Stem* a nasi c t*Tf***6T?**o 

[ 0 0 8 7 ] 
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£?> 0 iiftiiiiJfcttiiBfc#i't#«*i?ft*n5ic*tt** 
c«, £#**;*©« as , MM®* £<o& * *&A<o»9K.*mr 

tf*tf6ft« : (1) ^Itlf?n5*\ S/£:tt*0«|R!fe^1-A#t«*i***fi:4 

m m * * tf g id k w t s * w « « © w » w » m * n m f * , ^ f n © t v * << n % t> t *> 

[ 0 0 8 8 ] 

ft a X ft x * u - - y y * m K ffi ffl 1" * c tf T? * S o * ft W * 7 -y-fe f K. * V T , ffl AS 

CilJft, ^ L T fl * © ffl K II T 5 * ft & © * © (ft B , W * W fc H 5£ W ffi T* , «B 
flS«ffi*«ft565aoM*^t-. fck*tf, M U C - l ttJL*EB«-r*»ia*iii«**T? 

if (ciiMuc - i a, ^iiii©«ic^-t^i?^5o £««fcH3fr* 

JHE SI ttl US i^T, §§#lill^l$n, HflS0fc«»#fc»»*ti*. cnu, 

[ 0 0 8 9 ] 

JteKfBttoa^WS fcB«5l{b¥«tttH£3-&8fi5-eH^ ftf=a© U'OH* » fi^? 

© SB IB £ It it f & © # « K '> 1 © fe (0 % $ tr If ** % * ft ^ ti 3 tr K & M T* Jt R f 5 c t rJ 
SiTffctK * UTffitta«M«ft^tr * 0 *£&ftm±T'il£-r § c k tf 5 0 JttE 

EfB«©*Jltft*tHT?ti:% n D i' 1* * * <J * B ^ *■ * lc m m ° ^ ^ n * ° ^ ^ ;l/ fi ? * * 
#4#bT^5 fe© LT, ffiffl-f § C k tf TffE 5o «ftO ~> ^tiVfii** tf Hffl * ft 
iftBllW->^"t^eit(ifcl.t, S & 5 7 7 t C I L TlS 5 y ;VfelSft 
nfcfg 1 O U J?> H«x * 1 ^t/H5l*#t> bTHSIt^ftT fe * < > 
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(Dgtftl fc(4£ >Alrn*Mff3fo?% «t o fcS&SftfcH 2 © >J -My Ftts 31 2 © 5/ 

t;vgin*tpLtEi£it^tiTt)j;i/\ m.^ kit nn.it ^m-y i^i-^i^M-v a. 

m% 3 <y 9 ^;M5i§Sl#tf Sfc 5 *{kJS7c«ffi*^A,T*^T fc «fc < , ^ ft S © US © it (4 « 

If ft * fc « R IR tt * ft T? -o T fc J: o * © J; 9 i§ * . £ y/^IS ftlif 

b ^ ;l/ * J: tf S »J 3£ « ft 5 fc # T* a < , SB-ooSSitSftttiiiy/^JlCSaoffi 

[ 0 0 9 0 ] 

£ fc , ^t|BIS©4tl ! ltSMnD-f KB i n v i v o lift ft »T £ ^ S fc ft £ fc #> fc € ffl 

lit. rtWlCBlDfc*****, Sfe(iftA1"5 t t^T'tlo ny*^hBi^-*-*i 
^ ft 5 M M (4 3 a F T II ft ft, »*S»KtLTfffflf5-PS65'5. ^tllSXl, 
*5<ttJ : Xfet=i^t°a-^h ; &^77^ - (CT) OiaftmHliSiKiDttllJtSi: 

0 SIijJOfl^oan^FttttHllcjStTJIAa^-PftS?. $ fc s 4MSfi3P^H 
ffO 4 3 fcHl$2 ft T^Slfli, M R I (««ft»>f *-*Jy#) JCtDtftWTSil 
ttfT'fi, IBtt&lgT&ffif** HHItttAllfe *tffl!l©»Jt*lt, ftixtfFe, Gd, I 
fc (4 Cr£ ft D&ftcfcfc4D^&3cfc#T-#3o » it ft S tt s 3D-fK±fc»J«Sti 

fc S A M s fc & JR * U - F ^ * - ;!/ £ © 9 A ft 3 c i: fc .fc !> 3 n >f F fc £ 3 c fc # 20 
T* * 5 . a&S^(i, H*±fc$83t£ft*ffito*>><*ll03^*^y#>K/£tf*ffiw 
tSSAMsli, WJtftfl^Sftfr 5&5&?±T*Jgj£2ftT fc ±V>. SJfd«M37 

tltsan-f Ktt, #T«?n, tftdiws AM s -es§»ft{b£ftTfc«fcv>„ 
W4, y ^v-Aaitt? HTffjhsn-ftUti*5»iJ* *u is *f 

tfc ft * # "37" ?$IL, £ ft ^ g W y A" V F # T§ $ fc * ^ £ ft T fc 4; l-> 0 * 5 V 14 > 

fc 4 < , tOW^HR ama n»*S*^trx*/l/^-»lR, * fc (4 ft SL S tB K * D tt ffl 
tSC^T-tS, HfcBlrttlltt+ftOttWfc^SftSs&ft $ fc (4 MSIM © *ft fc L 
< (4 ft 7 7 A-fcaf A£ftT il\ &3W4, B it ± T rl II £ ft fc > iSiaS?: 
e x. s # * # o n n -f F # W nl II a ~> ^ ft ;i/ & 4 jft b T fc 4 „ i«©3D-< KS* 30 
©~>yft;M4, iiftClS^L/cnn^f F © *£ft 5 £fiR * ft 3 ^ft ^ fc tt'** MM 
ft §i\ Sfcttttffl^RTIBTftW-fttfftBftV. 
[ 0 0 9 1 ] 

1 9 1? (ft 2 o © * y * S & ft 5 V fc ffl S ft m ft 5 S j5p * SJ £ ft S fc fc , ff 1 © * 
y/^Sl 045NTA 5 4 J; tf 7 x D t y ij y F 3 4 % « c a i t § 3 P -f K 1 
0 6 fc m b s 820^/^11 0 04NTA>j!ffyF5 40»*a^t5S AM-I 
*e-X l 0 2 fc 5 T-fc 5 9o 2"308Htt-«li:S^Sn, 1 0 
B«ITIE*5«»II4 0 fcBK5t«fcffi3fcS ft 3o 2 o© * 

SfFfflfc£ ^5 y^t/^inn^ F fc L fc i§£ fc , ftBIftft*fi->?t 
;i/7bft 4iS?n«T'fe5ft £fc, |txf y'y^'li^/^i?), i/ ft ;WS 31 1; 40 
fc(4M (M^Rltl) li?©±fc, *ft5l48r«2ft* * LT ts y 7 'J y ^ffc#fcM4 L 
ft^iBlTfffltlftf*-;!' (ftt*tfNTAf*-*) 4: fc K*/l/#*S/Ttf ±f 
§^*-;b£*il&&AfcSAMs*ifl$j£ft5Cfcfc4^ ^ftS.fcil|gT-^?>o * fc > 
« 1 « 7 5 > * « ^ r 5 l/^ f* ft O ^ ? * tS ^ « 5 fc * fc «lfs E D C / N H S * -y ^ U 

gfctffrftT^Sfcto. -»li!l41?«SftSI!Sft*fii'^f*fii3n'(' KfcitfBt 
«tt^*«JB bT*fcS»*«fc£*{bLTt» C ft 14 , Sff??# 3^* © 

Wfc-T5<0fcSi[-P^>^^Jl«Sf^ffl-r-^^-XO«l»***fct-a. 
[ 0 0 9 2 ] 

ffllfffflt^^^^I^-Ft-tt, />»?lt7^77'J-ccfelC^y*a^-F 50 
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tscfctfi?*, fc J; tflRtt U - F ttS/^^;HDM**tftffl"r 3 c fc i t) M8U Lit. %> 

U - n y if f 5 fc i&© ft ft If - X± © fc © « HR A L T fc J: 
[ 0 0 9 3 ] 

& 5 tts »?(4JSttlC!8:*fci6CtO»J|«»ffiTli»*na«-ntfa:5 , r 

k 13 * © a « * s c. 0 a « © fc * fc « t if le * © £ ? fc a ffl -r 5 c t » t * 5 : 

& T fc 12 it b fc fc © « C © & ffi © II fc W ffl T* 3 : Ede 1 s te i n and Di 
s t e f a n o 14, 3ttttfittX**£»#T**S ft fc 7 7 ;P * S> * * D 7 * * 7 x - h 
»tf , ll)}FPTtc};DRASEl3*©^7"g 1 K ; tf--7K?ii!lp-I?t^il^?r«©LTt/^ 
(Edelstein R. and Distefano M. ( 1 9 9 7 ). Phot 
oaffinity labeling of yeast farnesyl pro 
tein transferase and enzymatic systhesis 
of a RAS protein incorporating a photoa 
ctive isoprenoid. Biochem. and Biophys. Res 
. Comm. 235, 3 7 7 - 3 8 2 ) . * 60l»tt, C07f •fc-fSftfflbT, 2 O 
Ztzmm-at % c t\c & V s 7r;i/*'>/HI#tf F P TtciO^IsnsciSitt 

ftfc*Si?, 7r;l/*5/;l/*7fctty7-;l/W^%tr*f->Tf«Ell|i , r5 £ fc "P * S fc <^ -3 

s&fc-scf 5„ 

[ 0 0 9 4 ] 

11 1 OTtt, W»l©l8fc/<-h"*-- (BP 1 ) § ^ 1 2 2 fc, HlRHSflitt (EC 

S ) 1 1 OtflOO^Sl 1 2 T* a IS * 3 C fc T? # 5 . ft © * 48 1 1 4 T* it s t ft A 11 S 
AM (HS-R-X) fcfX D ft T fc £ <^#? 1 1 6 fc il IS b T T fc £ < , UT'S 
fittStTrfc !K R It S A MfcfX 0 &3:ft5 c fctfTt S^^fflTf* D , f LtX(i'J>A 
-T'S5„ f#Sftfc*W4, *?W5>^-*-;l>*a&«T* 51 1 1 8 (HS-R-XM) ( 

$ fc t4 « s t js < fc §i * * •£ 6 ft fc t * , <?fisfetttmt*fif yt;i/*a»t SC 

fc # •£ * 3 {ti © IS ) tfttnn^ Fl 1 SITS AMsl;:i*aStiTfei<> cct?M 

B*fl:a7c - jgtt&ii t> l < tt»*&ji-e« *. *« e-x* fcttit? i 2 0 a, mmm 
m # ? ( b p 3 ) tn«ncisd-r*ckicj;t)it»w, s fc a s w © v -r ft a* c * d , 

BP 1 1 2 2 C^^tS^? 1 2 4 ( fc 7, a 7s V V 7 h 7 £ 'J > ) ( B P 2 ) £ « * 
t5«k3fcfi»ticft£ftTfcJ;</>o 
[ 0 0 9 5 ] 

fc fc * (f > * =? ft S fc t4 n ft it ¥ M V 9 ± in it n a -f K 1 I 6 it, & Jfc M 9 fit (EC 
S ) * » * % fc «t t>* e 4" > 1? ff it L fc * - )V K <fc D II S f* <fc « ft T fc <fc a ft *S 12 - 

uj\*i l tm>b<D&%BMft&xfMtyi%M£PkfcJy*3-'<-hLTi>&^o wyaUfflftW 

i5 fit (4 ^§ S! $ ft 1* , f L T -> ^* t ;H5I 3 o ^ F li k" ^ f y / X h b 7 r 7 E' y > filfF 

*fcbT«8Sbr-^««56^L, 7 >y -b (4 3/ ^ ir )l © « ip ® i±J 7 >y -fe ■< K * § „ tftt>% 
, 3iy/^IIilOO*ST(OSAM-|SI, $5 i tf — X 1 2 0 ± SI S ft c? ft fc IS 
■g,^- hi-- 2 4tCilS-&pJt6^IS-a-^-h-f-l 22$lrLT3D-f Fl 1 6 & <fc CP £ - 
X 1 2 0©jS^fc|S^t§i5tu)l-&LTfci;<, JC-UTIiaSfett^OliWtft-*- 
* ft T fc <fc i/> o *y/<*KttRtt£ftfcfc©*3-tr&ffl©£ffiT?=iD-r K j; t>* If - X C 
|*LTfeJ:^fr, S fc tt > £ 5 fc 3 n -< F A 85 ft 8 * IE fi£ IS # T § * U - h «r » ^ b T fc 
J: < s # y^^K^ft«IS-& * 7"fc ± 0 ft ft * ftT^T fc ± ^ 0 *5SW»* 6KV"»-a *a 
- IS ft £ ft , f (Hcfe^T^n^fHttf l l 6 fc J; tf ^ t ft ^ © ft 3 d ^ F M ^ , fc * 
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[ 0 0 9 6 ] 

BP li±BP2*iU*/SftliBP3tii:T'^TUl\ It t X If , ECSISiO'B 

pi ( e * f - > ) £ # ^ * - ;wi , l»x H/^h/e-^y (bp 3) „ * »c « « e - 
X±©£*?-> (BP 2) ti^LTU^. a&s^tt, g«#?^?©SMte!T3 

% N #3 d ^ Hfl|3B'\©«Slc3aa- LftilOlK< fi?^©li§l^c}g£LfclffS?S'ftK 
Pf||©S14lSaJ©fc&©#SffMfe©#£T^tToTfc<fc <U #aq-f KiiBttB* 

[ 0 0 9 7 ] 

F 1 2 6 14, h / &M J: o T, IStfSiP * tl * 1 2 8 K 

J; Dtf*#fcSftS. Simsns/hJ^ Sin#? noiili F*- (b p i 

) 13 2 ( t£ * 9 y -V $ t> T fc * V ) JC J: "3 ff it -T 5 o 8 « e - X 1 2 tt ^ B P 1 © «j # 
h f-— (BP 2) 134 (XhV7"h7t"'>'>f^otUi/0 £ H T 5 = 3 n ^ 

Fs ««e-x, asma?, ■^o»****iJ:tf*w*«*w h u foa 

«■ «r © fc to K M m lc § I * * * £ o »JHKifc*Ufc5'^"*- *»«*I#B*S tt 
[ 0 0 9 8 ] 

^^-ij—^^ftHOffrBIRtStttfT* 5, iSfiftlffil^ * H W HF W 5 . 6 

20, 8 5 oqK.n.mrz.t&T!*** c©#H»»tt-h uo b y»», 2, 2 

' -IfX (t'Jv"Jf>7;/) -6, 6' -fyf*y7i-*, **tfl. 8 -ex 
(a-trUS^l/) -3, 6 - "Jf-TH b * if fc^Ttr, ffi«tK t^T't^SStl 

[ 0 0 9 9 ] 

e-X*dtT*«*3 a W K«3fiH:jtelc|B«I*n*. t: - X tt * U v - 7/S'D-X 

, T-vfVA's 5c * u x^i^y e-x«4#* 

+ » k a m « n 5 t* & 5 5 o w t © * n «u tt * % w © ? 'J jft * » * * * c t * * ; 11 * 5 # » 

[0100] 

K-F<D««*J:tf*»^ *«W©^*Wft«8**BiW U, * » K v>f n W £ © & 

at £ pi 5£ s n § t » m t < t t- tt & v „ 

, nn-fHfl, 43 J:tf£«#;l/* F U ~ (ACV) *<§Sts 0 S A M » A © fc » K , 
£ ft ft til A*77X7^FttT i ©«s A u Olt'Iofc. ttlfnotltt R T 1? 0 

. 5R»n. 1 0 TbtriVWitf-*-* (H S - (C H 2) 15CH3), 4 0 % h U - x 
fbV^ijD-;I/|fil:ft-;K HS (CH 2 ) , , (CH 2 CH 2 ) 3 0 H , ( s£ ) ft 
itf50«MF-l«ttt5, 3 0 0 (i 1 CDMFiSf^y+a^-Hfto * © & 
^ 7 ^^-g-tyS/y^-U/-S/3>'/W7;VtC 4 0 0 ^M F U - x U > V' U 3 - ^ it 
^-/V2ml%^iPL> ;W7;HittTOi£?l<ItT'lt^iW:*itft: 2#ffl® 
5 5 °C ; 2 » @ 3 7 °C ; 1 » PJ @ 5 5 °C I 2 »H @ 3 7 1 1V>T R T f 1 0 ^Fl. * © 
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fcWffitf E tOHt»U Wt^Xmm P B S TML/c„ *ft6tt, £»#«£±tt*+ 

tT y h cf T* L T V ft a T E 1 Bf n s # , M*>JlCtft. 
[0101] 

3 ^-y y»ao5/c&E, PBS4KD0. 005mg/ml u-y-f >O200/iL}R 

*oVfl3*awf*thrt*«UB (HUVECs) <D M % ri * b „ « S 33 ,3; tf ID AS 
tt^Il±C0 z ^y^a^-^fit:^ 4PIFI, 3 7tT^y+i^-htfco 1 0 0 

[0102] 

3D-f Fl»Oft*C> TUBSCi^^a^ F (A u r o Dye) 1. 5 m 1 £ Tl^lfi 

y|tHJnfcilftween-20) 1 O O ^ LCBIiibfc 0 9 0 /t M -h'JD 
b VWfW. (NTA) - f" * - A> * 90/iM 7iDt^-ft-;K *3itf500/xM* 
,1, # ^ > if ± ? # - jl % ft M t 5 S> '* * * ^ ^ 7 5 F ( D M F ) » K 1 0 0 p L . * © 
f-^--;V?g?S4'T3BtH'i'>'^a^-->3y : }t> nn^Hft^UyHcb* ± ft * Jt T 

o ?n^DMF*©4 0 0 fiM h y - I? Uy^iJ 3-;bffltf 1 0 0 )i L t 

■e, 2#Kk 5 5-C;2»H, 37"C;i#B, 5 5 1C;2#HK 37t, i^TlIf 
1 0 jfrHK F bfc. 3 P-f KlifOt^U-y h £ L> 'J ^»««£Stfcfi* ( 

PBS) 10 0 M L**ftJbfc. rin^ Ftt*E3B^ F«#ffl««**<0 180MM 
N i S O 4 T' 1 : 1 tC#S?bfc 0 P B S 1 0 0 (iMOH i s - ^ ^fUW.^'f^ F 1 
OO^L^, nn^F«St5NTA-Ni (I I) I 0 0 (i L KSilP L, 0. 5 B$H 
Ot^-Hfc it lit ©PIS £^7°?- K*« t) It < fcfcfc, tOllaa^F*^!/? 
h E Ls ±»*»T fee 3D^M^yHJ100(iL PBS 3 D 4 F 

BKTO^ftlfrte^bft : a) a V 0 3 S«ftt8^t 5 * 5 K SSfr * ft fc ^ 7 * F 
HHHHHH (S „ G , ) 3 G R G D S G R G D S I * fc » b ) 7* K , H 

HHHHH-^^ftyS - h7>X7i7-t* (GST) . RGDtf-7^t&^ 
7° ?• F fci ft & ffl 8§ ± © a V jS 3 S & » K £ t ^ C h ifi B S ft T ^ 5 . If F O * * ^ > ( 
a V J8 3©35*K©l>#>F) «OR G Dtf -7^II^fflKW#t5 J:#^ ^tlT^§ 

o 

[0103] 

ACVdlitt, CH Instruments electrochemical an 
a 1 y z e r * « ffl L T ff to ft fc - 3 *«* « tlfe. ■»*fti#KM*e41l 

tt«Sk i: feicttfflbfc. Si»tMb*ftfc&*S* L v 7°&ftfflMi: LTttffl Lfc. 2 5 

mVOllttffl 0HzOl*»T?IiCaffl«ftft. 
[0104] 

[31 MUM] 
Hffilffl] l 

:c««tt7r**J/;v>^> «F7>X7x7-€ (frt) feitfy?-;^? 
z;Hy/<7«l-7^^7i7-€ (GGPT) © PIS M © X * y - - y $r © fc 46 © 7 v 

[0105] 

-^y^lgEH ; 4ia i l ; SW^>''^R : fe<fctf^S* ;£: ffl^^ft § : 2) M^ofeSif*^ 
i57 7;^J/*/y7-/Hfeitf^nBO«(ftolM^^7l'\Oili^II« 
ffl b. ; *3 «t tf 3 ) **tgttK»-r**«B*«OH**^ffl**WTf**. *» 

if 60»^*ai4WTOt*9Tf*5 : 1) NTA/Ni (I I) * t^f->'>^' 
«H*>/<*Jl*iiS!*'*fc») *3 1 tf m ? » * fe tt « fa ft * W ~> ? ■t- ^ e it © 7c K 7 
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mr a s ***** t** Ftf-7U < B75^^n 

* IS ■& * ■& 5 ; 2 ) li*fyT7r;l'*5';H;B7*X7x-hBf#***f1"5 (HI 

3 ) ; 3 ) mmttmhutz ; 4 ) mwrnrnm^^iat § ; 5 ) x f f 7 trs>y*t,o 

IIk"-X5S»t5 ; 6) iati(iilI»K?lfft, *?Wfc##fr*. «fp 
t tt , ^" t ;i/ e i 3 n ^ f ± c i ^ i t ? ti ft r a s t e t f y ft 7 7 ^ * ;v ( * it fit 

v^f * p * x;l/*tf, ->^"t*£Sna^ K± @£4bS ft 7c R A S ISI« £ tf**« 
Ji^IxT, Mff LTfTtJtlSTf 355 5 (H 1 4&£tf 15). **tiTW04#li 

left? «fc#*T £ft# Tffc 3 5 o >/^ftK7 r 

3 5 o 

[0106] 

-y^ictitu fc^ffSo #tx?>j** ?MM****m&m®*> v 7 V 
M<*«, at«e-;c±fcii£<tsftfc»©ttS'<- Ft-t*s^ e**y«tt0Bii 

X K J: 9 fi W * ft T fe <fc o 
[0107] 

EdelsteinWO-Distefanott, % ©J jg tt 5 2 «S £ 57 T? If » * ft 7c 7 
7 ;H-»Hfn7^7i-Htf, SP« F P T C<t !) R A S ft*©^7f F -7 C 
liPT?f St t^ip ttl/' 1 ? (E d e 1 stein R . and Distefano 
M. (1997).Photoaffinity labeling of yeas 
t farnesyl protein transferase and enzym 
atic synthesis of a RAS protein incorpor 
ating a photoactive isoprenoid.Biochem. a 
nd Biophys. Res. Comm. 235, 377-382) o«5©i«B> 
7 7 JimBWtf F P T fc&Mtt^T* C * D , F P T E * t) KIRS ft 5 £ * 

TKtfcbbK C 057 y t'fSffifflt 5 C T* 3d o 7c 0 C©fSJt«. II « S tt * 7c f± # H tt % 

[0108] 

gflggM 2 

CfOiifUffi, fflfl&*SAMsfc«fcDR*f*{b£ftfc&SMSfc : «*S£-&fco * ■ c 
;i/*Mfc3sar*<: fctf T?trai*{b»7c - Sttfti««e«*t 5 ± 5 e«»f*<bsft 

"C V> 7c o I'l^^y^a'^-i'a^tfflOt, tSBJill/HV^F'J- ( A C V ) k 
d;D^^i:^7co 3 p << F8* U iffy F* <fc tf«B*ii*«*IBOjE©ffiSffffl«», mtt 
icaaW F±fc*S»'fb»75 - Stt&JR*M<Z> + #55< «?W*7ct±«« 

[0109] 

iO^^^Kii, mffi^flDm^osKft^^afct-srcfet, iitt5o%t*x (x^/i/7 
x -,l,^*-;l/) cj-**)^, c , 0 h , o s) **=y** Kfpt? i o 

I^HStU 7 t S AM s t i <7 if «f*<b£ft7c 0 4 0 % F ')x7P^'J 3-;H*Jk 
(HS (CH 2 ) , , (CH 2 CH 2 ) 3 OH) if % 57 * » © ?E « * ffi » f S 7c 
fcfcft^Sftfc. HIS** #a 7-y>T*MSft7cH S C 1 5 - S AM s ± 

d fcttttSiewSftT^fc. H S C H 2 C , 5 C H 3 43 «fc If 3 -7 - ^ > ft 
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a, m ft k « ii - 3 5 - f y w. w is. * ffi t « * , j; o e * it © % ? 7 -f e m a t ft jm 91 
iaiisoftwflijas^ufco mm%w&®w a v 0 3 *i«t « > *ti4icis4tbrt 

£ IB (HUVECs) » II ffi ± T* it 5il b ft o O 'J # > F * J; tf If W I ft H tM 

fb*«5'^^;i/eji©fc»o7 x a -t s am - «it3o^ k misia^w 

[01 10] 

A C V ft ffi © ft H> K s lm l§lO->'j3yA*X^7 F^}WllitIitl£lfc„ H 
i s ^^ilRGDtf-7^7f F^Ife^TiS^^tftNT A - N i 3 D -f K 1 0 
0 n 1 £> <}; tf' 1 0 0 |i 1 P B S^IiaSf ItHK'f y+a'^-i'a ^t5ft)6t^ 
FCiiDbfuo 1 5 # & * 8J 46 © A C V X * -V y & 1 5 il £ tl ft o 1 5^11720 
Ol8lft^*tVffB»«nft. «»(H*l4*Elc»LT7 , ciyh«nfc. SJ & © X * 
t^iPB S/<7 77-(i:tia?)!a:ii;lloWM;py*tUft. HI 2 43 J; tf M 3 © X * + 

y(i, ^ftW^^in-fey^fi (780mVo 1 t S ) Kfe^Tfftfno . 5 /x A m p 
s «fc tfl . 6 fi A m p s O A * 5 * % tf - * % £1 £ L ft , I 1 6*#i*tlftl(\ Hi 
s £ GST bfc NTA-Ni (II) na^F 1 0 0 (i LkftCBt 

fflte^s ^-r & n-<onm*<< yta^- f ufcitttWiHtt, rgd - & ^3 d-y Kts 

Ic'fy+a^-HftlSKifiLftil © X * * y £ £ b ft o b b j£ fg © /% )l ~7 & , 
5g23o<fctffg3©X**>l?&S*L, P-tffeoft (017) o H *L B ,8 © 1 . 6/iAm 

[01 1 1 ] 

c © * n m t? & > 37-yyt*i?nT^4^ - e * ft " * ffi ± t? © tm as *■ si © « ? w 
umico^TiBiit*. mm it, v»<o*»©»*R:i**^?ji»c*ijii*n**«» a 5 - y 

X tl il ft t f y * a ^ - F b ft B tt # F U - X f- U y ?' 'J 3 - ;!/ ff it f - * - )\> cp Tf If 9R fa 

jssnfti/^ fc^Kv^T, mm®m\*nmm 2 otsHSffaicfBttLfc * a ten t>nrc 

o V"»< 0*»©***n UWBHiJl7 5X3«f H U V E ClBlft*^"&«**SllOL 

fto «S^J:tf*fflflSttCO z ^y*:i^-**7?2 4l$fllKy*:i^-hL7U jfi ffi « 1 

mm<Dmm*mmt 3. «iui*ffiv»#i»ii«is**wu;fc. o- t ft tr matt is* 

Jfflfilf SB + 5 ft „ S AM*^LT4S4EffilS^tSftI*l/-h%S 

fla*5i##-e-5iifcfcit), ii^ s AM±c§ici$fk-r5i: t^T-t^o §s s * n 
Rf*ft«>K¥X*it»bft (ilt^ft^) o fflRa* 7 x P-fe yi5»*5 J: aaa^ffi 

Oa VP 3SS#KttSW4s ^7°^ F\ HHHHHH ( S 4 G , ) 3 GRGDSGRG 
D S itfcttBttMSKfcLTOs =F 31 «J ft ^ 7 f- F\ HHHHHH - ^;Hf*>S - F 
v>X7x^--t? (GST) ^SitS^n^ F (5feEfB«) fc^tc^y^a^-Fbft 
o 0 1 8 it, i o o % if-;!/;!-)^*-;!/ (mf i ) s a m - ft ffi it S ± t? i| 
bftllflS^:, a V 0 SStftCftMWft'J iiVF^Ifonn-i' Ft^ic^y + a^-F b 
ft t * (018, H H ) ft «■ '« K b° - ^ * 4 b , ^Sfft^^f FGSTlciOifftlt 
jnfe^o^ Fi:»lC'f y + a^-Mftt? (01 8, A ft) (i4C4^ofci:v^ c 

[0112] 

0 1 9S, m h V - X U y if y 3 - ;Hf lh * - ;1/ © <y ^ ^ 7 7 > F 4 1 Tf 2 5 % 
2-^;l/AyFxf;l/i-f;HcJ:t)Ii#ftStifciioiIftf Kix+ty«:St. 
R G D iB^iJ^^g 1 K*»*t S 3 a ^ K-eBfftftShfeiBtt* ^ b (01 9 
, Sill) , -SG S T^^f K*»it5 3 0^ Ktftt^y + a^-Hftifilli;- 
^St&fr^f: (01 9, jft W ) o 
[0113] 

C* l ] 
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mmmm 


10 0% /fJPMSAM 


NO 


NO 


100% *3\u#jhsAM. ^awfeatajt 


NO 


NO 


10 0% ZfJl'ftSAM, 35- y><t-f 


NO 


YES 


10% ^g^Hfif^— ;k hU-X^l/^- 


NO 


YES 


1 0 0 % HJ - if l^/yU JI/f?±S A 

M 


NO 


YES 


10 0% HS-2miS^'7-ft 


NO 


YES 


100% 2-^JW^h^>*;f7V'-^ 


NO 


YES 


10 0% 1, 2-^>-ir>^^>3 1 :t-;U 


NO 


YES 


1 0 0 % ^>-t£ >x^>?^-— ;i> 


NO 


YES 


10 0% 2-^M7 p hXf^X-f^ 


NO 


YES 


f^lh^-^AV^'^yF^WNTA - N 
i (II) -Hi s:*^f^:/?F/^r&l, 


NO 


YES 


i (in - Tfmmfcn i s ^^w^^ h 


NO 


NO 


i (in - mmmmmu i s^ymm*-??- 


YES 


YES 



10 



20 



[01 14] 

g ± kl j: j g 'j7-if-xo j a 

H 2 0 <fc tf 2 l * # fig £ ft v o W T © % SS fl»J B > IS t^-Ft-T 

ss'h^f, i^iiv =k», * rctezn h (Dm-s^zm*? % 

#an-f KS?1C, * W * > » K * f * a a K H O * 3 tc "T * *» * « W 

S ti , SfWKlW&Ifil^SitS^n'f Fli^tS^tSiiitftf SKtO 40 

[0115] 

iW^V/^I, ^/Hf-*^- S - h7>X7i7--ff (GST) atxf ^'y^^'l 
M£ tl, ?LTNTA - N i ( t X f- S? y £ ^ N T A - N i KH^t § ) *aa*f 

4SAM-Sl3D^KltSSft*tift. £ii±fc:4 0/iM NTA - N 
3 D -f F 3 0 n 1 * 2 1 . 5 )i M GST 6 5 /* 1 ^ in L , ISff'OG S TlUfi 
ffi % 1 4 /x M fc L fc „ G S T £ IS t % /h # ? 9 $ "f- * y « v 7 # n - 7. If - X "a 
L fc <Q £ S i gma - A 1 d r i c h*5Af T'f 5 0 *")^f * y«If-Xtt, G 

s t - m& 3 n -y f <d mm 1 1 1 1 -r > * a ^- h t fc 0 * ftt& rt e , gstb^h? so 
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tyt"-X£i^U «fenn^ K 6 (*£ U tf-X£*<&WLfc (0 2 0) 

„ G S T ictt^bft /h»? ^«St § e-Xtt, GSTfi^3D^FN>+^- 
h L fc * , ffiftOHTffi^ft (021) o S 2 © ItttftBS ( * © * Tf ^ * * * > » 
W. If-X* GST ##fiTT NTA-Ninn-fF 3 0 (i 1 N > ^ a h Lfc) tt 
N T A - N i 3 D -Y F if e - TTSt ffi , £ fc tt ^ ^ # * > K # W S W »C t ft C 
i: £ b o 

[01 16] 

gjfljgy5 : S A MO«?»»ft<DftiJ»0^gi 

£€>§feffliMtts fi«*hftl?fil»**tf S AM*»«t«i***f . SAMtt, m 
1 OS< IS* ±tf, It^WBI&fcttt- 3 S AM0»3fttt*»i&«, Jlft5#?fif3i 

elSftSiH, ^B, tfcttHPSBtf S AM* fc»j*«tt*. HftWfctts 
bTSAMlcHUT8t«ft*«**1-5K*fft'J^?^S£l'TSAMfc«!Dasn 

[01 17] 

zk»tt7xO-b>fl#{*H:*l»«8JS: 5 0 0 /i M N a C 1 O 4 ^7iCtV^/l/ 
t;yio l o omMSI, e»j»bfc. ffitH^ Sft§«© 2 - JUffi # ? 7 CM 

F 1 ) S A Mt * »)||#{*{fc*nfc**«««T?*9fc. »l«47iDty|tt 

X*<QV-t <Dl8iZZft? 7 -C J r%m<Dm$k£ UTT'p <y h Lft D HEttWWfcbT, ftttS 
««tt 1 0 0 % h'J - x^y^y 3-;l/ff±f-*-;bfr 5ft s»* S AMTMttft 
b ft „ H 2 2 tt , S A M <D "B m tt " * * ft « « » * © « ? # S A M fc « A f « tl *J # > 
S A M £ tt * * ft ft 2 - # ? v -V © IS K © H » tf * ?> c 4: * 75 1" o 

o«nt#ftftiT«»«nfttioeitt*Kit5fc»!iK«/B«ftft. 50% 

SEW* J: IF 5 0 % h'J - x ^ u > ? U n - ± f- * - ;V £ * ^ T , fc-&D?:DMF* 

iz®MLrco mmitmmm ncmmoi:^ Kmmwithfco «2i*, Acvta^ttt 

© * M tt * * w t o 
[01 18] 

SAMstts DMF^O 5 0 0 (iM h U X ?- U y f V 3 - A, # it * * ~ & £ Xf 5 0 0 

ftfy 7-±T'»$£nftc ^77ttf54«It 1 m 1 SlOf >J 3 y tfX-Ir >y b RS 
K H JE £ n ft o 7xntyy*/V*>ii$l^ 5 0 0 |iM<ON a C 1 04ttg|U 
A g / A g C 1 *BR«ff ft * tf p t Mliii i: fc -> U 3 > #7.^ y b * t Xfttco & 
f-y ^ , a:ffffl«*lclS'&bfc. *»A c vfc±0»*rbfc. Hf)'07iDi!ytflII: 

vtb-oito m 2 3 *fc«s*a b y - x^u>^ya-;vff± (chz) i 1 - s h ( 
+ + + «) *cfctf, «ft»c e^tt^jtit Lfc #y -xf-/i/7x^;vft-;n 

(MF 1) (HID %#ffi1?a§tlS AMOt-/^H'T'$5o # tt # 'J - 

^7i-;bft-;Ha ± D£*tt-?£3 iiff^tis, ft^fte, H-0^?f2OC 

WlP«ftEa#ffi*l*Ot)<!>H:e»ttT**k«i!r*tlTV>*fr6Tf** ( S c i e n c 
e 1 9 9 7 B u m m e t al. , ) .fllft^K, 7/V*i^*-*SAM 

tt , 7 x d -b y s> - * ;V # > IS ?§ * tt i5S k° - * * 4 12 ft v» *«, 5 0% # U - x ^ x ;V 
yi-iW^-A^^^SAMIifn^tM. 02 4tt, 2-^;l/*7°hx^;l/x- 

f-/b (mm) feiif^^^f'<> > /^7^* ( + + + S) §t&estt^siLfcs 

A M s t»t5B 2 3 OT'O y h (jStt T E G#± s f-*->\>. S 01 tt * >J - X ^ x ;V 7 x 
r;l/f*-/l/1?S5) tsL, #>J - if - |V7i-/H AMiS^f ^e-^B> 5 0 
% 2-/^Ayhxf;U-f;l/^att5SAMs > £fttt5 0% ^;V*7°h^> 
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>/f-7y-;i/*att5 s a m k a *> fiits e-* * d m^k** ^ c t i, s 

A M icfcM&n*® K> 3ity c fcCiSic, *tt& s amc Sfctt "MP" 

fflA-T £ d t ic £ D , s A M s «?»t caiittC* 5 4: v» 5 fc&e-Sf 5. 

ft" SfettiSattfix (0. 5M NaCI04)tO7iDtyfiHy 

[0120] 





5 0 XttOA 
: Amp s 


2 5 

: Am p s 


BSAT7'n 
2 5 %WSSL 

Vv_-<iO vj ■£> C 

: Amp s 


i o o %®m 

tsc cK 1*** (t>- L v J 


HS (CH 2 ) U MJ- 
i o o - Ifctttt 


0 


ND 


ND 


YES 


HS - 2 


0.415 


ND 


5 o 

1 5 


YES 


2-^;^yht°u^> 


14.70 


ND 


ND 


ND 




44. 0 0 


0.2 8 


0.2 9 


YES 




4 1.00 


ND 


ND 


ND 


1, 2-^>if>-^5 : -^ 


4 0. 0 0 


ND 


ND 


ND 




3 4. 9 0 


2 8.00 


4.0 2 


YES 




3 1.50 


0. 5 1 


0. 0 8 


YES 




3 9. 3 0 


5 7.70 


1 9. 0 


YES 



[0121] 
[0122] 

tXfi/ , y^*ll^;Hfty-S-F5^7i7-t* (GST - Hi s) tt, 4 0 
jiM NTA-N i^oiff 1 0 0 |tM7xDtyf NTA - S A M - 

»i3D^KlcI»3*ft. ^ a f- y A * f * rpK© «ft e - Xtt , m-GSTtt 
fcfc * D 1 / 1 0 OJS^*iKMt« 1 : 5 ©JtT? G S T - 3 D W F CSiPUs * UT 
I50ffiStl^fc5 0% MF-1 S AM«IW±T»«lft. I5ttti*fflC 

J»vv isrui©ifci»tt*»j8Lfc. GST-3P-fFfti«e-x 
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^££bfc 0 ZOOltt»l, G S T#3P-f H«lEfclS*bfcV»»Jll, feitfGSTR 

ifim n. v: - x e is t * v Mfi © - o © n m * m ffl b fc . ^ t n © it tt m m fe « ss e - * 

%£b&fr-3fco 0 2 5 14 C 7 P V Ft5= 'HiH4, GST-Hi s - g 

^nn^f H*«ttfKj!te-X±©i(i- G S T/A b IB © fflSftfli . OliG S T£ffi 

[ 0 l 2 3 ] 

C©H«5 0!Hi, S A M*«tt***tt«l&**»*#?ll**«JS****#» SAMtC 
S A M£ff$J&T SfOiw 43 £tf @£{fc£ftfc->^/W£jilift£#ori HO* V/<* 

aisufciiBucHftftsn*. c © « © ^ 1% ^ 7i-;n**tss AMKffl&asn 

[ o l 2 4 ] 

H U V E CtBiaH:**K»aib, ^SBl^tlLftS AMt77X3CAnfc„ SAM 

{4, 5 0% *54tf5 0% 2-mffi#y (x^- ;V7 x-;l/) 

(MF l) §t/.T^fc. 8. 4mM RGD - H i s^/f KlSi 5 /i l * * ifi £ * 
tab. IB 7«-e^y*a^-bLTtI*Bl!: l 6 B#WtlK R 

G D - H i s ^ 7 ^ K % M ffi T 5 fc & © N T A 33 «fc tf 2/ ^ ^ ;I/ it © fc H> © 7 x P ■b V * 

i^tss AM-ilnp-TH i oom i * H B k *ln b , SrST?2o»Pi^y*^^ 
- F b fc o ^ctI5^'y77-T-lif L, Kciift^itaD-fFtftv^bT, H 
£bfc„ Mtf-*tt 2 0 0 - 2 5 OmVTEIlft. BfttWfSatts SB AS K |g T? * fc ^ 
^g^fc^y^Hs Hi s - GSTtftt'l'>4 : i^-hLrcllT*S9fCo 3 P -f K 

*Ktt»JHfc*;[ia b. tl*^777-«iu i]££fTofc 0 Bltt»wette-^tt 
M&ftfcfro fc° H2 6«» 7 x a -fe > s/ 7i- frfcmnWlS ± tffflfl&^SMft ft 

tsh i s * u a y f *ffi^-r § p d f *^ aus/MfflSftffl k * d usstffi 
icmtfnrctzK. ig&bfctf-^ (&«) ^^to »ffiW4ttM&fSb, 3p^k« 

[01 25] 

gjffiCT 8 : #MM1 XV HK^f 5 U gyp- ggft*B5fEftl©ftffl 

ilOlS 0IJ (4 „ £ y A * ft g fc tt U >ff V F © V "f tl Kfi * "f K » S P R O # # S T T\ 

*?. y >\>7 ft/ u # y k fg S ft ffl iJ jfc T S ft © *6 73 £ S f » Iftfittts « S * ffi ± t 

i£ M fl( fc * 5 o 
[0126] 

9 ft © 5fi < fc 3 fc£ n § » U it b fc H lit fc *5 ^ T gt 2 © « Wt k° - ^ A s M ft % = d © g it 
[0127] 

-i©#-tilt!i> F U - 1/ > ^ U 3 -;V{f ± — v ? ? =7 7 V F 4> T 1 - 

^mie©e#'tt^?7^^^^-^*3 < j;a : wr^^js<D?{f-;vff±f-^-;v ; S:«-iy> a a © 

S AMfci ^l#ft?nfc, WT©il tttttttSStlT^i : 1 ) F U - ifU^" 
U P-/V#lt S A M s t4 ^ y/^lo*»R»lfKfiStt § = *3 * tf 2 ) * ^;W# ± S 
AMsS^y/^S, |»K35-y>lC|S*t«. bfc^oT, ll*»^037-y 

t-^oajs^i^tsKonTi^ts-pssnt^ft. 2 % , 4 % , 1 0 % & £ tf 
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i 5 % * f-frwikf-t-jisz-gts s a m s &&mmum±ic&f8.-£ fttco nm<D*#& p 

B S 4> © 0 . 005mg/ml 3 7 - 4* > 4 °C T? 2 B$ W > * a ^ - b L „ ffl© 

MttPB so*Ny + i^-Mfc„ m s a > » » « r§ ?ft ( 0 . 5M Na C 1 04 

U - ( A C V ) £ £ 19 #*r L fco ^«W*affiK*tt§7xD'fey©^SO^<b/jS7C^ 

„ {&m&* rfrtokf-f-frTUt. *^e-*«l|&4 5 0mV-t?5B£l,fc 

.fctfffcBfci* y/^Jl, n =, - y > © # ft E <fc t) » * <£ *i & ^ t # x. 5 ft fc o 1 0 % W ± 

^-7^153 0 OmVTfttS. 0 2 8 B % 7 x P ^ > ^ £ ^ > ^ © # ft T E & 5 « 

ott^ito tiaiioa y->f>te£. k> **a* ttfcW*tt«oai«tt» 7iot> 

ff)S(tH!i^->7FSt 1 200tf-^^m6n§o I A ti 3 7 - ^ > t IS □ L T I'' ft l/ 1 
[0128] 

c © w ^ 7a a a s iNi ®p * v ^ * « , ^ 7° f\ m is © # ft ft $ tu f s fc to k w t © * a 

y|S A M ft W. ? SK K o !/■> T 31 il 14 K f % 7 s - * - * <fc tf II W 8 © IS £ /< - h * - C IS ° 
^-ht-tt, t 7 ^ > * ^Hlffi^ tl> SAMffONTA-NiS^MQSpEi!)! 
IKMp LTl/^Tfe i 1?(?jl:t5ft-;VfrBISftiS, SI M « # K U m M * K # 
fttSl^, S A Mifcffla^ftfl^S Ft-Eltt5, SAMS 

B©i£<©^>^^K©#ftti> 7xn-fe>5?*^#:yK©tfcD<D{b¥ftffl#*SEfbS 
-Br, ^©HfbHtefti: 0fiV>fl|fft«K->7 b * t5o H^fbSnfegHtSTG - JStt&JR© 

«p«wa«fb«ffi©^7 h^nwa©#ftft^To 

[0129] 

Cti5 0HitfSiCltliI ; &fifcft^7iD-l:>if#lc± D I? fc> n 5 fc> flF ffl tt 

76 - ffitt&Ktf «ttSI«*fc* 0 , WlMit £ ftfc*S£/<- b f-- (f t-ll/ici 0 S AM 
K tii ^ £ ft It ) S'TtaeiJ'hS^ilttftftTlg'P*?. 

[0130] 
jll9 : EL I S A 

»?*fctt»ia^«i*oa«#KJ:<»i6tifcaiittiP*»^fta*»*stt (el i s 

A) (Current Protocols in Molecular Biolog 
y, Volume 2, Immunology 11. 2, 1 9 9 6, IfflfllitiW i 
ley and Sons Inc. 1994-1998) T'6§. EL I SAtff^I 
gftP3ItilflT'$% 0 slsfiSti: 1 : 1 © J* T? j& c 5 : l ifi {* IS -& L fc * * 

a , 1 st is © # ft ft ^ t- jv e si -r 5 o 1 ft ^ 7 1 , st/s©v^^D^vA»*<a*ttft 

E L I S AlC'BgffeStf, t^TOi^CSlTBft^. cOCtfrS, |L"^^T^ 

i?nsi\ sfctt«w*n*iiiiiB«iB±o!(i*o*afcttE l 1 s ah:***^. el 

I S A (Cff o BO © H i», ffi ^ fitS X a T « x 7 >yfe -f tc # flf CSfl^^frSiltT'fel 
o If it to ;J< #»©««: , ta7j<#»©^MfcMJ±$JT3o -USE EL I SA5!ni^> 

fc a © # ft » , n « k is 9 1 frfc m m -n ft # * § " is 2 •• © fit ^ ^ =t n t e a- 1 % c 1 1 

£ 0 tfttB * : % 2 ©fitft «s Mmfafcte*-X?'r-<v^3.^fr**^#'-l£ (H R 

po), 7;i/* y*x77>-s (a p) t^^rcmm, s ftttSipsnrcS3i±-eiss 

ocalization of a passively transferred h 
uman recombinant monoclonal antibody to 
herpes simplex virus glycoprotein D to i 
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nfected nerve fibers and sensory neurons 
in vivo",Sanna PP.Deerinck TJ, and Ellis 
man MH, 1999. Journal of Virology Oct. Vol 
73 (1 088 1 7-23) *#!B«hft^) . £<©«"&, «tit^TO«##H 

EjjttlMtffti^H. T*xttft*»ll»BI«ttttfcbTttBL, *©»»*« 

[0131] 

#Uli»l»fctBM©Kfl5*ffifflbT, ELISAOlfi*#St^- ?Lt ^ D " 7H 
k bT35*OU H (* y^fKfe b < tt^y^- F) SftB«i*»t«l^Ti«ft 
4nft*65ao#«E**fflt5CJ:)!rT#5. B S ft £ ft It fi © # ft tt » *t ft © * - X 5 10 
frrJa^;^*^^-^ ( H R P 0 ) * fc tt 7 ;l/ * U * X 7 r * - -b" ( A P ) * fc % 
Sit % 3 o f K fc§&£ ^tc V iSV KtttHC«*t« C W t) til t5. IP* 
fcHMSi bfc fc ^*S&*IO¥SC * 9 s SftBaf^y^M^o 

fOGeitnD'f FfciSUrf 5-Y*tt#C, - j?i*#»*IS-&*if**«£ , t- 

£ C k fc £ 3 n Ffc#**fc8*f S l t^T'f 5 (Ake r s t om, B . , N 
ielson,E.,Bjorck.L. Journal of Biological 
Chemistry, 1987 Oct. 5 Vol. 2 6 2 ( 2 8) Ipgs. 13 
388-91 and Fahnestock, S.R., Alexander, P., 
Nagle.J.and Filpula.D. (1986)Journal of B 
acteriology Vol. 167. 8 7 0 - 8 8 0 ) „ fltClltS^n^f 20 

FE^asft* nfcu isv Y*m 2 mw<Dixt> *> Kmrnm^^^t s c t fc a o , s^n 

ft fc » f 5 ~> ^ * ;Vg » # ? © Jt ffi A s it to f 5 o ELI S A 7 b - F ± fc ffi £ tl fc fit 
ff^Orj D-Y F±© 1 SifcSfcli U 3ff> F© US £©88 3^ B&ftfc^T£ fctiMH/? ©# 

zft^ntf'Vfi-frfcm&mt&icmftzMmmnttMTjitz c t^na^ fc* 5 

I^SilttflftS. ^© fc C 3, ItOELI S A&«T-« £ft£tT? £ k fi^M"? 

^n j ett©*%MM{iPSSfc^^1"?> C ttfTtftl^BT**. feS 

icig S ntu< , feitf«»«* ^*asffffl***-r sfcfefcT'b- F©*n*n© 

Igt^btiS, it* - £ kit U jff > FfiSa n -f K©*»tt* EL I S A 7 b- F fc* 
»W*fel4M««fc (BUOtt**fc«*y KK* 0) tSfcbfclBlftSfctt 
& T fc £ V 1 o ELI s A © e © * IE© « £ tt ** *£ W" 1? * < % * fc fc & & ° M © s/ 
yt-;V£3SB#iStf 3D^ Ffc«fc *> 1 ttHfc*S*bfc*3:T»^*fc«K * *) 

[0132] 

^ffify i o : MMMMMM&JL^V-d I MM£ l l # > E ©«5ff 1 S * tf** 3 1A ©&1 
|J5 ^ tB 

?b- F±-eii«^^rco ffls#ffltt. rtHBttsa^ ««#j^»si«n*«ifii±©ttin? "o 

KtfS2ft5. tt«©BJU ©"<:/* FtfffifflSnfc. BZ9Btt, S *l 

§ ffl IS ± © ffi B fc * It 5 ^ a -f F fc £ 5 » « « * HI IS © * £ 75 1 = 
[0133] 

SffiW 1 1 : jE4SaWK:Htt£8ttfc*S£bfc-<fi &-^- F-f-k 3 p FfcSS^bfcfffl 
tp^-F-j--k©F^©IS-^^5( / Fffl©^tti 

* >;^K> HftWfc&X F l/^ F 7 fc5> % V ( P r o m e g a ) 14, #W*«ICH(*£8 
|ft«tttQ-t77 n-Xfc)l*Sbtco *©*S£><-F*-* fc^-^>tt> =>n^ 

Ktt^ ±© iaiift*Hitii»as^ft^*-^i !: ftwts^fi£i« bfc 0 3 a 

FttrSe-XtHtU, fc **V F l/^b71ify|l08^E £ 0 B£<t£ft so 
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, e-x&m < »ft h fc B i3 0A(t ta*4i£ftfflK * onwsnfce-x * 

ft ) ©3>ifa-$f->^;Ht:I»iB«of Xl?t'$5o 13 o b ( » SH ) li, £ W 
snft*»-3fcvJ-x©n*oH«T»*:n*oii-x (x i b7 h 7 ml *J y - S££) a 

[0134] 

$ft, cogttffltt, mg&c^Ete, 3 FiL?±E >*^rtf gaffl«{t*» 
? j| &c -d v T 13 «t f S o HfySAMsli, KTOiH^n^FiKlSStifc D 

MF*E580jiM COOHff±f*-*tJ:tf2 0(iMIf*f>ffif*-/l/^& 

I»i!)Mtl?nfco f t-;l/»C 1 1 n * t> ft = HD'f FIliiJfeKElOj:5K:fT^\ 
E««nft2 O/jMli tf>i±tf 5 8 0 jiM COOHft-;l/ODMFiI(i3P-f 10 
FttU^y + a^-Mfc © I fl « ft MB * b ft & © £ li? 81 T" & o ft 0 
[0135] 

C (DjKMIBttTOllW/M**? T, «S«4ELI S A HUJUEfffrnft : flsSOfc 
*tflf1HStt»H4»»ia*»6l»*nfe. GST£, v;!/^-? i;P7P- h±KHSfl:L 
fee t^K-gs Tffittfc* x;i/fc»inb, G s TEi*«tft. -ISW&MIM 
„ >7 x;l/©fg l -fe y F (Hlftffl) E X ? 5> y £ ^SUK^p f-f > G £if*T 5 a a -f F 
^iisijD b, R - GST E*S£S«fc. tf z.frVn 2 O-fe -V h (»JH) EByPf^yGl 
SftnD^f F^IIL&fr-jfto 8U <D - it « & Bfc & X 8 tt , -T * T © <7 x ;!/ E * - X 7 r 
w >y ~> a + y #"--tflfii=r^^R - v <7 xfij*^il b ft 0 ^tt^TK^-X^f 20 
^ >y -> a ^;^=f->^-t*li^ J; tf«t»*»Bb;fco SJ6tt» 51 * © * ft T 51 fx « * ft 
o f b- h (4 - <7 x^ftMIi U -#"-E ± D bfto 
[0136] 

it M E IS ^tstffi^, Hiffl')i;i'^*t ftg "7 x ;i> E it < 6 fij * * ^ y ^ 7- /I/ € 51 * f 3 

a^it. 03 1 14, C©6fl?©ii**wT#?'97T?**. C © Ife ffi f?!H± , HR©* 

**W*tett<t*»ffffi*K^OS/^-^^ei8*5S'5"o ft & O M W <0 ~> ^ ± )V 51 tt , * 
tietfnn^ F 16 ? E IS tS © i: H B# E U c £ „ 

[0137] 30 

Bagflft^Qglg* RfrWlca, n a ^ F ^\ © X h b ^ h 7 bi' y © 51 IS 

c o tk * 0>J ft > A ;i/ * > K * ft tt * © % * £ * f 3 c i: # t? * 5 * H o ^ f 5 ti *» © * St 

ft tc 7 5 > % ^ * t % M W <0 51 IS © ft 46 © & t5 £ ffl (ft f § . S fB tt > a d 4 F a ffi ± E Jf? 

ft, i^-r n^©#^©fh¥6^'eHE» ; &#tyf&^^ft ftfc--0©Mfr tt» ^<©75/ 

ft«^7°^ K5«f^^t5ft6K t t3 teltaf 5. 40 
[0138] 

a a -T F ± E i E 11 MS it * ^ ? 8 * » fiK 1" § ft * © ft * tt ft E IB tt S n T (#"» § . £ ti 6 © 

Kits, ttTo*ft«ft»»i*RW*J:tffib»t *« ft if in * & n ft . 

[0139] 

ry/^lB^o-f F$Il«*;l"t^->l^-F (S AMia?tg&) fc^7°9 1 F©7 
^ y ^»PJ E 7 5 F l&g * Z Z. t E £ t) b ft o 7 5 F fi ^ tt , fx^tlfcED 
C/NHS*77yy^7nh3;KD3SllLi!)»S*nte. A'yyjy^OWS, X 
M/yF/k'^y^IitS^n^ FietfyiSfiStSnn^f F (Mf>S AM 
^^LT, ft5zS) ftS-frTSCfcfciDMiibfeo X h b^ h 7 if 5>ytftt«J; < ^#b 
ftif^, 2Oi0S03n^FttIIb ISI^fe^l^, lltan^Ftftt^ltl 50 
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[0140] 

i^iJy^HctfflShiao-fFli, iEEt«ftfti5CHIt, 5 4 0 /iM ( 
V^^D^e^-) COOH{?li:f:*-;K 6 0 ft M NT A - ffihf §f 

^-^rtr&^TO-ry^i^-i'ay, *5j;tf' ; €-©ltc>4 0 0 ^M if l/y^Jn-^ 
tf±*-*-;l/*T?0MiqJI&lcJ:!>»J*Sftfc. PBS*O50/i 1 an>fFii, * f 
O50)i lOlOmM EDC,40mM N H S T'llStlft. 7»t> nn-i' K^il 
^^UTttJRS^^ «ft*l»£l, fOtpH6. 4O'jyi^777-*O0. lm 
g/ml XFV/F7t"->*V 5 0 0(i 1 (?^^n 'J 7 h/V) tcSlSLft„ 1. 5 

UTna^f K*a^»ILTifcl8?*, *OftpH6. 4 0«>l/<»77- 1 0 0 ft 

Lttsin, » m a » is -a- l a ^ t> ft x f u 7° h 7 e > * % v> at l ft . an-f h» 

*<DMtfat&a-*LTitlRS*» 5 0 /x 1 PBSKIIILft, 2 0 ft L U>»/< 

y77-fiffi 5 ft 1 tr * f > w n a -< F © rl 3- ft c , 9a fc M m S ft ft x h b 7° h 
7t"->"> - S^an-f F 1 5 ft 1 * m 1m L ft 0 d © M ffi W. % 3 5 ft 1 Uy|;^7r 
- *5 «fc 1 5 ft 1 £ 4" f- y m 3% 3 p -T F © US ft t it m. L ft o 7H/7"F7e^y - I 
3 p -f F © ?3s Jin tt , ^fe^edtfe^oa^^ttfeOSEft^SlffiEcUfto ~ 1 0 fl-ft , 
ftf-ynp^ F*itfXFL'7'F7Hv f y3P^ KOS^ftliailC4 0 , * K tt US ft 

■p ft <, 

[0141] 

H ft * f t ¥ W * ft tt £ * # » # ? © IS n t> 3i Jl T" * 5 „ itS Jft t L T g * * jg c r ffi ft © 
3 p F ^\ © IS -n <fc 5 ts L 5 , ft ft - o © 3 n -r F 'n O 1 # ? 0 IS -g- * fig H tc 1" 5 ft 46 fc 
, Jit T © If IE £ 31 4: ff -=> T fc J: v> . S * t < IS £ L ft # ? © X * B ¥f L „ ?LTEDC 

o *a»?K»UTSII#tts A!i©to"ffr*fciE*fToTfcJ:v">. 7 5 y - tt , 

J: OaWStiTfe J: < » tLTiSttLftl^, ^>^7l, ^/f 
F\ K a» f# fb & it > 6itflo7 5 y^^tsmmWitz tifc * ft tt fc § 4ft 

f fi»?4*A-f^Ttj:v\ ait tt, *»flB©co*aiKfie9T3P-rFicaiinriB 

K f § ft 46 £ , l»41«'75ySfttt75y ■ ttltttC^JfiSnsic, * ft tt * 
n^tlSLTfe i^c i:ttllfi?-r§ft5 5 o 

[0142] 

Sit tt, * BJ! || m \c IB it © f < T © ^ v ^ - * tt $J iR tt ft fe © T $> o T , m IS © /< 5 * 
KlSt 5T*S5 do LftiibT, 5fe © H *1 tt H ffi #U © ft 46 ft tt K fl S * tl § C t , *5 i 

tfiSf?r©»*«i3J:tJ t *ne)i;ra^©fe©©«HrtT. ju*s^ft!B*^ttjiift-?T#%^ 

^ * ff * ft T i ^ 1 1/> 5 c * a M f 5 ^ * t? * s o 
[0 l ] 

0 1 ttilfIlfflia±©U F©3^*^ h«BSEffiSSfti:ll'lfffflt5f> F'Jv-S 
fett#yv-%ftbT, 7 x P -fe >© <fc ? ft &/I-&*{t£ft £ MIS bft U iSy F**^o 
[0 2] 

F\ 7xOtyO±5 4*I^tft^Sl««t, 
[13] 

m 3 tt , 3n^H±o|BtIft;#»?Ilc**kolftity/^it«b, * ft 6 tt m 
? W ^ ft tt « M fb ^ W ^> ^ 7 ;I/ e it © ft 46 © ft S 7n - (StttltSStSo SWS^f* 
* M o KB US tt , BiO»5SS#lcflf 53^*^ F'JiJy F^loan^f Kt^ v + a 
^ — F L > ttv>TJBJEP«an:«*8c«iWfcH $fett««WC3lt#*5ftSo Ultt-S© 
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[04] 

0 4«, M^-Jb-M U C - 1 #Hfl<3R{*. DF-3*J»0«?»S'yt^tsl3 0'f 

itfbma^Jifc* DainfeN t a/n i (in aste^f«H i s ^'ih^ot^ 

[15] 

cm 6 ] 

f-?g)lLT'ffHi:^tf 5o n@i4 - 7'f^a^x;I/fc}fA«ti5«j;9K ( $5 En & # 
[0 7] 

0 7 14, tJtgtti'^t^eii^* fe»oS?iT^«Sft5i\ * fc tt * *i & ic # * 

c^y + a^-htKfcJ'tf 5. :«7»t'flE*»«I*-ifi«iffio8*< 
-> ^ ;l/ ^ if *P f 5 T 36 h r> a 
[0 8] 

«St§t§iSIK«^^to * W 8 5*BJft*iii**ttfc»t- * U K 

Mru-rc-pfctf*. « ffi 7 u f « « s © ffi st # mi as © is « k ti s r § * a c^sts 

C fc #■??#*. K»tt«6CACVCJ:D1*itt», * © tllii* K H «(* 3 £ ^ 

ft 5, 
[0 9 ] 

TA/Ni (in ijj?>H*Hfoiatift#»?ii*, ->^t/i/6i3 d^t k* 

y;^lt¥SK^V^i^-ht5. *K«»*l«Slt»e-X*«tttHiK5l***4. 
m 1 * 2 * >/<*KIB©*BSflsfli*3I LT3 p W K±©«*?Stt«« C*ft 

STcSttgp^-eSoTfeiv^) tfticitfnstt^y, ->yt;vtffl?ti5o h 
o - is w ft % ? e t? # 5 £ t \c a it « n fc v» . 

[010] 

0 i o a, MEftnsitftt (ecs) e*f->-pff±bfc^*-;n«.«fc Dii«f*ft 

* ft: {b b > * K m e - X £ ;1> £ 31 3 o f F*BB4>©**»***tf**«*lfcW 

, m^t© If - * * s f# 5) ti, 7 v -fe -f -> y /1> * An tt Hi 7 >y -fe -T K ft 5 tf fe 5 3 . 
[011] 
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mm^mmvm^ t ^ . v * y umit-BrWa & *y ? i- & bm=i n-f kic^/^kcs 
fee imi±M i yatfwm<Dm&* m&tc C t 3 ? o 

[012] 

HI 2S> 7 7;l/^->;H, 77;VI->;^D7*X7i-h, *5 «fc y 7 - - f 7 — 
[013] 

0 1 3 a , tr * ^ y © i 5 * R K S tc «fc 5 7 t ;P * ;b - £ a y -5 - ;i/ - « # © tt m 

[014] 

e * f- y U ft * 8 o 7 r ;i/ * f ;b £ a 7 * 7. 7 x - h M m W * * t . 7?;^>';^>^ 

^«h7>-X7x7-^ (FPT) IIB, RASjy/^KSS.*MD7r;l/*i'*lf 
[015] 

ft) , FPTii« e inn (7 7 , xhi/Xh/if^y* 

^^U - (acv) fcfrty, *a*?«*±tf**ft¥ttK«fc± j: k# 

[016] 

0 1 6 (*, R G D - tl'J F t n V S M H 11 ± T? if 31 T 3*01 IB t ©WSfffflO 
ACV»«ffD7D'ji h £ ^ f = 
[017] 

0 1 7 1*, (Rfttt) MU # ^ F i: y»ffl«ffi±Ttl5|-r §«fla i: OffiS^ffl© 
ACV^ffiOT'D'V h £ ^ T = 

[018] 

01 8 a, g»tt#?©j|i-©i!©*%atfTs£Mi#f*±Tii»**inift©Acvfl' 

[019] 

%mw±-emmt %MMt<om^.ftm<o a c v moxd ? h*^-r 0 

[0 2 0 ] 

0 2 0 14, 3 FTUftfSftfc t:-X, IftWK (4 # y* >J St/ # >^ £ KffiSflFfli E 
■fc "9 e-XEJS6lft3 P-f K©¥XO¥««¥T-fe§ 0 
[021] 

0 2 1 tt, 0 2 0 tfS«nfc*K©*tt»!HO**0**ll*T?**. 
[0 2 2 ] 

c»*a©2£*©) e«i4#?©»J£©i§* fc # # ? « © e *■ * 

[0 2 3 ] 

0 2 3 (4, 7 x D-b^jti^fc t fcfcMfcbfc, ^fiWttiBfiliftll^^JiOltttWWllC 

Mt52lfi^f 7^t, * y (ifr/i,7i-*) * - ;i/ , mf utttseitt 

[0 2 4 ] 
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0 2 4^, 7 x D -fe >®m t t fe KWlfe Ltc, cfc *} iKV">fiJitt|t»?»K» ITiS L fc 
» 02 30 20iD|3iaift#»?10*»?lOfifttCAC V^tC/a^ h ft ^ T 

o 

[025] 

V # «f ft * 1" o 
[0 2 6 ] 

02 6 «, wiiKiwr s ^^mmit^-^^m^mm^m^hrcn^mm^, ^^xfmmm 

ffl'so £ > $ SI @ ^ ft; © 1Mb M 5t; S' 9-f ;H5 * © A c V^^ft^-fo 

[0 2 7 ] 10 
0 2 7 14, BHC**7vfe'f©KB!"e3&»K Ilt-X'\©3P'f FO^pC i D ii ^ L 
fei'V/^Jl/^V'^JlffllffffiO^Oi' H4, 0 2 5 t»t. 

[0 2 8 ] 

12 8B, « is - is * y /< * h ft ty « ffi > **tf7xD-fe>»ft«ttic»'r5 j tn6 

Of^ffi (ft*) *±tfR*tt»H (AI)'OACV»ff<!)7"n5rFSSt. 
[0 2 9 ] 

0 2 9 A 43 <fc tf 2 9 B tt % § § ft 56 SI S ft § gPffi T* 9 JR W fc 3 p ^ HE* t)tf«SSft* 
«B§ ( 2 9 B ) feitf^i ( 2 9 A ) OltiiS («$4 OS) ©¥Kffl¥T-&3„ 

[0 3 0 ] 

B30A*ttf30Btt, iaffl«{k*»?»±T, ^'^l«8^^-Ft-*!IO 20 

np^F^L^E^^iiiP^nfci^sWES^-rs^v^^Rftjfo^-x ooa) * 

1 tf » m ( 3 0 B ) 03yi£»-*7 f 37*/Mb*1*ilH«©¥*tl¥T»5o 
[031] 

5, 6 «j s£ # $nfc->^^;i/e3ift^f#^77T*§o 

[0 3 2 ] 

H3 2 Afe 3 2 B (i, IgB'vOi^ffilffltf t^^t/Vgatft^i^t 5ft!6 
Cl*0*l*«it55li t fc itfjfl© A C V 7° P v Kft^Tc 
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Interaction orColtoid-Irnmobnizcd Species "with 
Spedes on Non-Colloidal Structures 

ffclri pfthpfoveptiQn 

This invention relates generally to chemical and biochemical detection methods, 
and more particularly to techniques in which colloids bind to non-colloidal structures 
such as electrodes, beads, or cells, and to Iccliniqucs in. which multiple signals indicate a 
single binding event. Techniques including drug screening are facilitated by the 
uivcntiou. 

Background of the Invention 

Drug discovery is facilitated by screening large numbers or candidate compounds 
for interaction with target receptor or proteins under physiological comditiona. Of 
particular importance are cell surface receptors or proteins. Many of the Diomolecular 
inleractionK That promote tumorigenesis involve cell surface proteins that mediate both 
mtra- and intercellular signaling. 'Tumor markers" are molecules on the surface of a cell 
that are either exclusively expressed, or over-expressed, as a result of transformation to a 
neoplastic state. Some of these markers have been correlated with the ability of (ho tumor 
to invade (issues and display nu aggressive course of growth characterized by mciaslascs 
(these tumors generally are associated with a poor outcome for the patient). For exam ple» 
the interaction hetween the cell surface receptor aVP3 and the cell adhesion molecule 
vitronectin mm been implicated in angiogeucsis. Sea J. Varnerer ol, 'Integrals and 
Dancer," CurrOpin CelllSiol, 8:724 (1996); B. Vailhe et al, "to vitro angiogencsis is 
modulated by the mechanical properties of fibrin gels and is related to a av*j33 integral 
localization," In Titro Cell Dev Biol Anim,, 33:763 (1997); M. Horton, "The 0fV/33 
intcgrin Vitronectin receptor 4 ," IniJBtochcm CdlBht, 29:721 (1997). Indeed, the 
increased concentration of this receptor on a melanoma cell has been correlated with a 
poor prognosis. Another example of a ceil surface receptor that promotes mnjorigencsis 
and/or angiogencsis is the MUC-1 anugom this antigen is overexpresscd on breast, 
prostate, lung and ovarian cancers. 

The search for drugs to bind to and block cell surface receptore implicated in 
tumorigenesifi hm been technically challenging because there are few assays that work 
with intact cells. The ability to detect interactions between ligands and target receptors 
on the surface of live, intact cells, would enable the screening of candidate compounds jo 
disrupt these interactions. Screening compound libraries for drugs that inhibit the action 
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of cell surface receptors depends critically on the receptors being in their native 
conformation and multirflerizaJion dale throughout the drug screening process. 
According to current technologies, it is difficult or impossible to detect the interaction of 
cell, surface receptors with their natural Itgands. 

5 Current technologies arc limited in their ability to assay iigand interactions on 

cells. Fluorescence activated cell sorting (FACS) is one of the few techniques that 
enables the detection of cell surface receptors. One complication fn using this technique 
to screen for drugs to block cell surface receptors ia that: I) the technique is sequential 
and cannot be readily multiplexed to facilitate massive drug screening; and 2} the 

10 technique is only feasible for detecting antibodies bound to the receptors; antibody 
antigen interactions ore typically high affinity interactions that cannot bo disrupted by 
drugc. According to current technologies, it io difficult or impossible to detect tbc 
interaction, of cell surface receptors witb their natural ligands. Screening compound 
libraries for drugs thai inhibit the action of cell surface receptors depends critically on the 

is rcccptore being in their native conformation and multunerization state, on the cell 
surface, throughout the drug screening process. 

Another technique that can be used to query ceil surface receptors is an ELISA. 
assay. In this technique, cells are adhered to a 96-weli plastic plate. A cognate antibody 
is allowed to bind to the cell surface receptor of interest and unbound untibody is washed 

20 away. The availability of the receptor is inferred by detecting the presence of the 

cognate antibody. The presence of bound antibody is detected by introducing a second 
antibody, conjugated to a detectable label, which Is active against the species of the 
cognate antibody. There are several inherent problems which limit Ihc usefulness of this 
technique for assessing the availability of cell fcur&ce proteins or for screening for druga 

25 to block them: I) the technique ia plagued by false positives Uiat result from the non- 
specific adsorption of antibodies to the plastic; 2) Jiaand-receptor interactions are often 
disrupted by the many washing steps; and most irnporf antly, 3) antibodies rather that) 
natural ligands must be used in this assay; because these are typically high affinity 
interactions, they cannot be readily disrupted by drugs thai bind the receptor, 

30 additionally, unlike the natnral ligand, the antibody in ay bjud the target receptor at a site 
that does not disrupt the receptor's nurmul function- 
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Wbat is needed is an approach for monitoring or controlling binding events 
between chemical or biological specks that increases versatility and can increase 
sensitivity in a wide variety of specific interactions. For example, an approach for 
screening drugs against specific interactions of cell receptors and their ligunds (including 
but notliraltedto the interaction of the (aV03 receptor) would be advantageous. In the 
latter example, Uic assay should be flexible so as to permit screening against a wide 
vuricly of tumor types, and particularly invasive tumors, Importantly, the screening 
approach should permit the rapid screening of large numbers of candidate drugs. 
Summary o f the Invention 

The present invention provides a variety of novel methods, compositions and 
species, and articles for monitoring (detecting) intcmctioos between chemical or 
biological species including techniques useful for drug screening. Major aspects of the 
present invention include the following. Tools for proleomic studies'meluding protein 
chips and particles for signaling interactions, and multi-particle systems sucb as two- 
particle systems. In multi-particle systems one particle can be a recruilable particle and 
the other particle can carry a binding partner of an agent presented by the xecruitable 
particle and can also be a signaling entity or carry an auxiliary signaling entity. Another 
major area involves cell studies, especially techniques involving interactions between 
ligands and cell surface proteins and receptors. Discovery and therapeutics involving 
drugs that can effect these interactions also is described, with an emphasis on drug 
therapy involving angiogenesis. Specifically, oell soceptoi/Ifgand interactions that can 
uihibit or promote angiogeneais are described. Another area involves detecting proteins, 
cither in solution or on the surfaces of intact cells, for diagnostic purposes. 

In one aspect, the invention provides a method in which a colloid particle is given 
the ability to fasten to a non-colloidal structure, and then whether the colloid particle has 
fastened to the nou-coUoidal structure is dctcrmuicd. Titis aspect covers a wide range of 
interactions involving colloid particles or, preferably, many colloid particles with a 
variety of structures. Non-colloidal structures including beads, such us magnetic beads, 
can interact with colloid particles as an aid in derterrninmg interaction of species 
► iinmobiBzed with respect to the bead with speoios immobilized with respect to the 
colloid particles. The colloid particles can "decorate" the beads, rendering them visibly 
ulcntifcible as an indication of a particular species/species interaction. Alternatively, 
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magnetic beads can be used to recruit colloid particles to a surface where identification 
of trie porticlos can be mode through electronic or electrochemical or other means, and 
the like. Non-colloidal structures such as electrodes can act with colloid particles or 
species immobilized on die colloid particles to indicate a particular assay tesulL Non- 
5 colloidal strucuaes such us cells can interact with colloid structures lo indicate binding of 
the cell to a species carried by the colloid particle. Advantitges of these aud other 
techniques involving colloid particles and a non-colloid structure will become even more 
apparent from the description that follows. 

Jh another aspect flic invention provides o tcchraque lor linldng a chemical or 

jo biological agent to an article, such as a bead, colloid particle or die tike, via a metal 

binding tag/metal chelate linkage. Articles linked in this way lo chemical or biochemical 
species am included in the invention. 

Another aspect of the invention involves a technique for the detection of 
ligand/protctn interaction involving providing a ligand in fixed proximal relationship 

IS with an clcctronctive entity and detenninitig interaction of the ligand with the protein by 
monitoring an clcctroactive signal given by the clectrouctive entity where the signal is 
dependent upon proximity of clectroaclive entity to the protein. This technique can be 
facilitated by an article of the invention which defines a first protein immobilized at a 
first surface, and a ligand suspected of interacting with the protein immobilized at a 

20 second surface, which may be a particle, along widt an clcctroactive entity wlucb also is 
immobilized ut the second surface. This aspect of the invention facilitates one further 
feature of the invention (hat is a method ibrdeterminmgprotein/ligand interaction in the 
absence of surface plasmon resonance without labeling cither the protein or the ligand. 
The invention also provides tecltniques and components that allow for a method 

35 of signaling a single binding of a first biological or chemical agent to a second biological 
or chemical agent with a plurahly of signaling entities. An. article provided by the 
invention facilitates this technique and it deBucs a first biological or chemical agent 
capable of biological ox chemical binding to a second agent, linked to a plurality of 
signaling entities. The plurality of signaling entities can be linked to the agent by way of 

30 a polymer or dcudrimor that carries a plurality of signaling entities and is adapted for 
linkage to an agent The technique also can be facjl hated by immobilizing the agent at a 
colloid particle, e.g. at the aur&ce of a colloid particle at which a plurality of signaling 
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enfities are also iruraobiiized. Xu preferred embodiments, more than three signaling 
erratics signal d single chemical or biological binding even! simultaneously. More 
preferably, at least 10, more preferably at least 50, and more preferably at least 1OD0 or 
10,000 signaling entities signal u single chemical or biological binding event 
5 simultaneously according to this aspect of the invention. 

Another aspect of the invention is defined by a colloid particle that l»s both a 
signaling entity and a protein immobilized thereupon. Techniques for use ofthis 
component also are included m the invention. 

The invention also provides Techniques for controlling the electronio permeability 
to across a self-assembled monolayer at a surface. In me technique, a sclf-asscmbled 
monolayer is formed upon a surface and is defined by a mixture of at least a first 
molecular species and a second moleculnr species. The first molecular species has a 
Hlrucimc that promotes the self-assembly at the surface in a tightly-packed manner that 
prevents fluid to which the surface is exposed from cotnrnunication electrically with the 
IS surface. That is, the first species forme a relatively tightly-packed self-assembled 
monolayer (SAM) that seals the surface against fluids for the SAM is made up of only 
the first species. The SAM according to this aspecL of the invention is made up of the 
first species and a second species that has a different molecular structure where the 
molecular structure causes disruption of the lightly-packed sclf-usscmblcd structure 
20 thereby defining defects in the tightly-packed structure that allow fluid lo which the 

surface is exposed to communicate electrically with the surface. In this content, the fluid 
communicates electrically with the surface by contacting the surface or coming in close 
enough proximity to tho surface that electronic communication, via tunneling or the like, 
can occur. As will bo seen from the description that follows, this aspect of the invention 
25 can be very useful in conjunction with other techniques of the invention. 

As mentioned, one feature of the invention is that it provides a scries of 
components and teoluiiques for drug screening. The approach provides t) a modular 
system ibr the attachment of natural ligands to universal signaling elements; 2) enhanced 
sensitivity of detection through the attachment of a plurality of signaling elements to 
30 each ligaod; 3) a simpler format (widrout the need for washing steps, enzymatic cleavage 
and toxic substrates); 4) a convenient electrode output; and 5) the capability for 
multiplexing. 
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In one embodiment of the assay, flic present invention contemplates iniroobUiEing 
live, intact growing cells or cell-derived molecules, on conducting solid support* Such 
cells or cell-derived molecules, having "both surface molecules (c.g. receptors) and 
intracellular signaling proteins, are attached to solid supports that can either be surfaces 

5 or particle-like in nature. Ugands (or "binding partners") to these cells or cell-derived 
molecules, which can include both known and unknown ligands as well as putative drug 
candidates that are either unattached to other solid supports or attached to surfaces or 
particle-Jike structures, are allowed Id interact with other cell-derived molecules in a 
manner such thai binding between the two binding partners occurs and can bo detected, 

to One of the binding partners or its attached support can additionally be deriyatized with a 
substance that can be recognized and quantitaled by a detection apparatos. This complex 
(through interaction) is then brought into the presence onhe detection apparatus using 
characteristics of the associated complex that differentiate it from the unassociated 
binding partners. 

15 hi one embodiment, the cells are grown on a metal support (eg. gold) that has 

been treated (eg. coated with molecules compatible with cell growth) in a manner that 
preserves the conducting nature of the metal support In one embodiment, a 
homogeneous conducting layer of molecules is attached to a metal surface that allows the 
conduction of electrons at a rate that is higher tiian a metal uniformly coated with 

20 insulating species of molecules (such as Bsturated alky! thiolatcs). hi another 

embodiment, a heterogeneous luycr of molecules including a mixture of first a second 
species that allow fluid exposed to the surface to cornrnumcate electrically with the 
surface as described above, m another embodiment, a bderogeneous conducting layer of 
molecules is attached to a metal surface; the heterogenous layer can bo viewed as a lawn 

25 of low or non-conducting species (eg. one such species or a plurality of such species) 
interrupted by conducting or high-conducting molecules (or "defects" in the lawn). 

In. a preferred embodiment of a heterogeneous conducting layer or heterogeneous 
layer allowing defects promoting fluid/surface clcctrocoinmunication, two types of 
molecules ore attached to a metal sur&ce: 1) alkyl thiol spacer molecules (terminated 

30 with either ethylene glycol units or methyl groups to inhibit non specific adsorption) arc 
used to form the lawn and 2) a conducting species or defect-forming species. A 
conducting species can be readily identified by the exp e riments described below. In one 
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embodimcnt, the conducting species contains at least one ring structure (e.g. a benzene 
ring, apyrimidiae ring, etc.). In another embodiment, Uic conducting species contains no 
ring structure, but contains a group selected fi-om -O -OH-, -NH3- and SH. 

In one eraRodunent of i homogeneous conducting layer, onJy one type of 
5 molecule 3s attached to a metal surface, i.e. a conducting species. Other embodiments 
employing a plurality of conducting species are also contemplated. Further description 
of defect-forming molecules and other aspects of this arrangement arc described below. 

As noted above, tbe present invention contemplates both methods and 
compositions, Ik one embodiment, the present invention contemplates a composition, 
10 comprising a first molecule and one or more signaling elements (i.e. raolecul es or 
clusters of molecules which provide a signal that can be detected by any means, 
inoludingbut not limited to, detection by change in light transmission, change in solution 
color, change in charge, etc.) attached to a solid support, wherein said first molecule is a 
liguud and is capable of interacting with a protein or cell-surface receptor. In another 
15 embodiment, the present invention contemplates a composition, comprising a jirfit 
molecule, a second molecule and a thud molecule attached to a solid support, wherein 
said first molecule comprises a ligand capable of interacting with a protein or ccll- 
surfoco receptor, wherein SBid second molecule forms a monolayer on said solid support, 
and wherciu said third molecule is electroactive. 
20 It is not intended that the present invention ho limited by the nature of the solid 

support In one embodiment, the solid support is a colloid fe.g. gold colloid). It is also 
not intended that the present invention be limited by the nature of attachment of the 
ligand to the solid support. In one embodiment, said ligand is covulently attached 
(directly or through another ligand or binding moiety) to the solid support tn another 
25 embodiment, the ligand is attached non-covnlcnCly or by electrostatic or ionic interaction. 

• The present invention contemplates a variety of signaling olements, includiug but 
not limited to fluorescent molecules and enzymes capable of acting on color-producing 
substrates. In a preferred embodiment the present invention contemplates electroactive 
molecules that is, molecules having an oxidation/reduction potential that can be 
30 determined electronically or electrochemieally proximate a working oleotrodo of an 
appropriate, conventional electrical arrangement, as signaling elements. A preferred 
elCDtroEotive molecule is a metalloccne, Mctailoccnca thai can operate as electroactive 
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signnling elements in accordance will) the invention are known. One example of a 
particularly preferred electrouctivo molecule is one containing a ferrocene or a ferrocene 
derivative group or derivative, such as ferrocenyt thiol (Cas^FeS); however, other 
organic complexes of transitions metals are also contemplated as signaling elements. 

5 n is not intended that the present invention be limited by the nature of the 

chemical or biochemical agent A wide variety ofagena and binding partners of IJiobc 
agents such as protciu/prolcin, protein/pepudc, antibody/aiitigen, antibody/bapten, 
enzyme/substrate, enzyme/inhibitor, cnzyme/cofHclcir, binding protein/substrate, armer 
protein/substrate, lectm/earbohydrate, receptor/hormone, receptor/effector, 

10 complementary strands of nucleic acid, protein/nucleic acid repressor/inducer, ligand/cell 
snrihee receptor, viraa/Ugand, etc., can bo used for binding interactions of the invcnlious. 
bi one embodiment, the agent is a ligand, speci Really a peptide. In a preferred 
embodiment, the peptide is derivufized with a moiety (such as ahistidine tng) that can 
bind to a metal chelate, In this embodiment, it is convenient that tbe solid support 

IS comprise a metal chelate and said peptide is attached lo said solid support via binding of 
said moiety to said metal chelate. 

In Borne embodiments, ectl-dcrived molecules, including both cell-surface 
receptors and intracellular signaling proteins, exist on or ore attached to solid supports 
that can either be surfaces or particle-Ukc in nature. Binding partners of these cell- 

20 derived proteins, which can include both known and unknown ligands as well as putative 
drug candidates, ore attached to surfaces and/or particle-like structures, and urc allowed 
to interact with the cell-derived proteins in a maimer such that binding between the twu 
binding partners occurs. One oftbc binding partners or its attached sirpport can 
additionally be derivatized with a detectable substance. Interacting complexes are 

25 identified using characteristics of the associated complex that differentiate it from the 
unasaociutcd binding partners. The presence of, or a change in, a detectable moiety, that 
is either co-immobiUzed with one of the biuding partners on a common solid support or 
directly attached lo one of the binding partners, is delected- Molecules that disrupt a 
relevant interaction can bo identified by directing a loss of this signal Interacting 

30 partners are brought to o sensing apparatus by confining one of the bmdiug partners to 
the- sensing area and allowing it to recruit the other binding partner, or by manipulating 
characteristics of tho associated complex that differentiate it from the unassociated 
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btnding partners, or by attaching a recruitnble dement to one of the binding partners or 
ito associated solid support 

For example, a chemical or biological binding partner can be attached to the 
surface of a solid support, which can be an electrode, a substantially planar article such 
5 ns a common bioleclinology chip, or the like. A binding partner of the chemical or 

biological agent can be attached to a colloid, and exposure of Oie colloid to the surface of 
the article results m binding of the binding partners thus immobilization of a colloid at 
the surface. Tlu'e can be determined by determination of the colloid at the surface, 
specifically at a particular location of a surface. The colloid particle alternatively can 
10 include an auxiliary signaling entity that facilitates this determination (such as an 
elecb-oncttva signnUog entity or nvisunl signaling entity such ns a fluorescent tag). 

Specifically, oclhdcxivod molecules, such as proteins arc otwehed to surfaces and 
lignnds, as well as putative drag candidates are attached to particles, and arc allowed to 
interact with the cell-derived proteins in a manner such that binding between the two 
15 binding partners occurs. ' Ono of the binding partners or its attached support can be 
derlvatized with a detectable substance. Interacting partners are brought to a sensing 
apparatus by confining one of the binding partners to a sensing area and allowing it to 
recruit the other binding partner. Alternatively, one of the binding partners can he 
attached to a rccniitabic particle that may or may not display signaling entities. 
20 One aspect of die invention involves recruiting an electronic signaling entity to an 

electrode lining amagnctic material. This aspect am find use in. many assays and other 
techniques of the invention. In the method, typically, a signaling entity is provided with 
the ability io become immobilized rclnriveto the magnetic material (which can be a 
magnetic bead). The magnetic material and signaling entity can become immobilized 
25 relative to each other via a variety o f chemical and/or physical linkages described herein. 
For example a first species may be immobilized relative to or fastened to a magnetic 
material and a second species maybe Immobilized relative to or fastened to tho signaling 
entity or the first and second specie* can bind to each other. The first and second species 
can bo essentially any species described herein or known in the art for binding, and in 
30 one embodiment arc proteins. In a preferred embodiment, the proteins arc not antibodies 
buL are, for example, a Ugand and a cognate receptor, etc. Tte signaling entity can be 
fastener! to an ratennediale entity, such as a colloid particle, to which one of the proteins 
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tliat nets as n binding partaer also is fastened. A signaling entity also can be recruited to 
an electrodes without mo Df a magnetic material. In this orranfement tho signaling entity 
can be immobilized with respect to a binding partner of a species with respect lo the 
electrode, and the binding partners can be allowed to bind to each, other. Essentially any 
S binding partner interaction as described herein or Known in the art can facilitate this 
technique. 

Anothc aspect of the invention provides biotin-eontaining self-assembled 
monolayers on surfaces. In one embodiment the surfaces arc surfaces of colloid 
particles. 

10 Other advantages, novel features, and objects of the invention will become 

apparent from the following detailed description of the invention when considered m 
conjunction with the aecorapauying drawings, which arc schematic and which arc not 
intended lo be drawn to scale. In Die figures, each identical or nearly identical 
component that is illustrated in various figures is represented by a single numeral. For 

15 purposes of clarity, not every component is labeled in every figure, nor is every 
component of each, embodiment of the invention shown where illustration is not 
necessary to allow tbose of ordinary sJcill in the art to onderstand the inveutiou. 
Brief Description of tbo Drawinss 

Figure 1 depicts Hgands attached to a mcral-contahring compound, such as 

20 ferrocene, via dcniiriraers or polymers interacting wi th their cognate cell-surface 
receptors on intact cells. 

Figure 2 depicts ligands and melal-contafniug compounds such as ferrocene 
attached to particles interacting with their cognate cell surface receptois on intact cells. 
Figure 3 shows proteins attached to self-assembled monolayers on colloids that 

25 also present rcdox-aclive metals for electronic or electrochemical signaling Cells 
bearing target receptors are incubated with colloid s bearing a cognate ligand for the 
receptor of interest then elcotrophoi'cUcally or magnetically attracted to the sensing 
electrode. Note that the figure is not drawn to scale and the colloidB can be made in a 
variety of sizes, ranging from 20 gold atoms to hundreds of nanometers in diameter, 

30 Figure 4 shows cells bearing a tumor marker MUC-l thai urc incubated with 

electronic signaling colloids that present the MUC-1 specific antibody, DF-3. The 
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antibody is attached to the colloid via a Hia-tagged protein G that is bound to NTA/Ni(N) 
groups that were incorporated into a self-assembled memo layer on the colloid, 

Figure 5 shows one embodiment of an assay thai can be used to screeu drug 
libraries for the ability of their individual members to disrupt interactions with ceJl- 

S surface proteins. 

Figure 6* shows that a drug screening assay can be readily multiplexed by 
interfacing nucrowclls {can be disposable) with a microclcctrode array and robotics. 
Analysis of arrays of electrodes can be performed using a modified cltxtroch anient 
analyzer capable of concurrent analysis of a phirality of electrodes. Tbe electrodes can be 

10 configured so as to be inserted (see arrow) into toe ruicrowells. 

Figure 7 shows that drug candidates can be synthesized on, or covalcntly attached 
m, parades that also bear electro-active oignaling moieties. Drug candidates attached to 
signuling particles can be Incubated with cells presenting the receptor of inlet est Had 
control cells that did not express the receptor ofinlercst. A dmg-laigcLintertsction in this 

IS assay wilJ result in a gain of signal. 

Figure B shows u tissue specimen that ia attached to a flexible, semi-permeable 
support via interaction with peptides containing RQB motifs. The specimen is then 
incubated with electro-active dgrudiug colloids that bear a ligand for a cell-surface 
receptor of interest. The specimen is rinsed, then interfaced with a microdectrode array. 

20 The electrode array can be made such that the electrode dimensions are comparable to 
cell dimensions. Tho specimen is then characterized by ACV, which con then bo 
correlated to lustoputhology. 

Figure 9 shows a protein-protein interaction assay that is based on universal 
recruitment and signaling particles that can be easily multiplexed. Self-assembled 

25 monolayers bearing NTAtlifll) ligands that selectively capture EEs-tagged proteins are 
formed on signaling colloids and gold-coated magnetic beads. Each partitiotypc is then 
briefly incubated with a different His-tagged protein. A magnetic field then attracts the 
magnetic bead to the sensing electrode. A signal is only transduced when, the electro- 
active labels (which can be redox-active moieties) on the colloid are brought to the 

30 electrode through on interaction between a first protoin and a second protein. Note that 
uon-Bis-tagged proteins can also be attached to universal particles that bear self- 
assembled monolayers presenting corboxy-tcrminated thiols. 
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Figuro 10 shows eiecfro-acfive signaling colloids derivatized with fhtola bearing 
enzyme cleavage sites (ECS) and terminated with biotin. Magnetic beads arc derivatized 
with gtreptavidin, then the magnetic beads and signaling colloids ore incubated with the 
enzyme of interest and drug candidates. If a drug candidate inliibited the action of the 
5 enzyme of interest then the site will not be cleaved and the signaling colloid will remain 
attached to the magnetic bead via the biotinstreptavidin interaction. When the resulting 
complexes arc magnetically attracted to 3 sensing electrode, a current peale will result, 
making the assay a gain of signal detection assay. 

Figure 1 1 shows a strategy for screening for drugs that modulate ejozymc activity, 
to la this scheme, a protein thai is a target of enzyme modification is attached to a colloid, 
that also bears an clcctro-nctive moiety. The chemical group that the enzyme adds to the 
target protein has been labeled with biotin, When the enzyme functions properly, the 
biotin-labelod compound is added to the protein on the signaling colloid. This resulting 
complex is then connected to a sticptavidin-contcd magnetic bead. Hie complex is then 
15 elecrroraagnetiealiy attracted to a sensing electrode. Drug candidates can be added to the 
assay. A loss of signal compared to controls would indicate tbat the drug candidate 
inhibited the enzyme's activity while a gain of signal would indicate that a drug enhanced 
the enzyme's activity. 

Figure 12 shows Ihc chemical structures of the fiimesyl group, faroesyj 
20 pyrophosphate, and geranyt-geranyl pyrophosphate. 

Figure 13 shows the modification of famcsyl- or gcrnnyHifcc moieties with o 
recognition, group audi as biotin. 

Figure 14 shows famcsyl pyrophosphate derivatives bearing abiotin moiety. The 
Jamesyl protein transferase (FPT) enzyme catalyzes thu addition of the farjiesyl 
25 derivative to RAS r^lcm variants. The activity of the enzyme, or the ability of the drug 
candidate to modify enzyme activity can be quanlitatcd by measuring current output 
when magnetic beads with streptavidin are used to recruit the complexes to the sensing 
electrode. 

Figure 15 shows that drug candidates can be assessed for their ability to modulate 
30 enzyme activity. Each spatially addressable microwoD contains a RAS protein (wild type 
or variant), the FPTeuzyrae, &ebiotm-ii»dified addition group (famcsyl derivatives), 
magnetic beads hearing blitmtavidin, and plus Dr minus drug catndidatcB. Electrodes can 
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1Iicn be analyzed by a variety of electronic and electrochemical techniques, including 
alternating current voltamrnetry (ACV). 

Figure 16 shown a plot of an ACV analysis of the interaction of an RGD- 
con tabling ligandwith cells grown on collagea-coatcd electrodes. 
5 Figure 1 7 sf sows a plot of an ACV analysis of the interaction of an (negative) 

control ligand with cells grown on collagcn-coatcd electrodes. 

Figure 1 8 shorn a plot of an ACV analysts of cells grown on a metal support 
comprising only a single type of conductive molecule. 

Figure 19 shows a plot of an ACV analysis of the interaction of an RGD- 
10 containing tigand with cells grown on a rnetai soppo rt comprising a heterogeneo us 
monolayer of insulating and conducting molecules. 

Figure 20 is a. photocopy of a photograph of colloid-dccoralcd beads, specifically, 
colloids linked to beads via protein/protein interaction. 

Figure 2 1 is a photocopy of a photograph of the negative control of the 
15 exp eriment shown in Figure 20, 

Figure 22 shows a plot demonstrating the increase in conductivity of the 
monolayer as the percent of conducting molecules (in a lawn of insulating species) is 
increased, 

Figure 23 shows a plot of an ACV analysis of the conductivity of a monolayer of 
20 conductive self-assembled monolayer containing a two-unit molecular wire poly 

(ethynylphenyJ) thiol, MF1 shown against a negative control of a non-conductive self- 
assembled monolayer, as meusured with a solution of ferrocene. 

Figure 2-f shows a plot of on ACV analysis of the conductivity of a monolayer of 
the two self-assembled monolayers of Figure 23, as measured aguinoi more bighly- 
25 conductive monolayers, as measured with a solution of ferrocene. 

Figure 25 shows ACV analysis of protein/protein interaction as measured by 
binding of a colloid to a magnetic bead 

Figure 26 whows ACV demonstration of enhanced electronic communication 
across a self-assembled monolayer, and redox signaling of protein, immobilization to a 
30 eel I surface, against a control. 
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Figure 27 is a schematic Ulustration of the assay, (he plot of which is shown in 
Figure 25, of protein/protein inicraotion as measured by tinltage of colloid to magnetic 
bead. 

Figure 28 shows a plot of en ACV analysis an electrode containing gurraco-bound 
5 protebs and their affect oa ferrocene oxidation potential (aotid line), and negative 
control (dotted line). 

Figures 29A and 29B are photocopies of photomiexognrphs (40X magnification) 
of cells decorated by colloids selectively at locations where receptor was expressed 
(29B) and oorarol (29A). 
10 Figures 30A and 30B are photocopies of cornpnter-digirized microscope images of 

beads carrying nou-specificnlly attached protein decorated by colloid particles carrying, 
on a. self-assembled monolayer, the protein's binding partner (30A) and control (30B), 

Figure 31 is a bar graph showing six order of magnitude improved signaling 
resulting from signaling a single binding event with a plurality of signaling entities. 
15 Figures 32A and 32B show ACV plots of an eapermwm demonstrating the use of 

gravity to recruit a signaling entity indicating a binding interaction to a surface, and a 
control. 

Detailed Description of the Invention 

bttcraational patent application serial number FCT/US00/01997, filed 01/25/00 by 
20 Bomilnd el si, entitled "Rapid and Sensitive Detection of Aberrant Protein Aggregation 
in Neurodegenerative Diseases'* (published us WO O0M3731 on 07/27/00), International 
patent application serial number PCT/USO0/O1504, filed 01/21/00 by Bamdad, et ol, 
entitled "Interaction of Colloid-Immobilized Species with Species on Non-Colloidal 
Structures" (published as WO 00/34783 on 07/27/00), commonly-owned, copending 
25 US. parent application serial do. 09/602,778, filed 06/23/00 by Bamdad ct A, entitled 
"Interaction of Colioid-lramobilizcd Species with Species on Nan-Colloidal Structures"; 
and comnionly-owned, copending U.S. patent application serial no, 09/631,818, filed 
08/03/00 by Bamdad et al.» entitled "Rapid and Sensitive Detection of Protein 
Aggregation" ull aro incorporated herein by reference. 
3D Definitions: 

''Small molecule", as used herein, means a molecule less than 5 taloDallon, more 
typically less than 1 JriloDaltoru As used herein, "small molcculo" excludes proteins. 
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Tbe terra, "candidate drug" as used herein, refers to any medicinal substance used 
in humans, animals, or plants. Encompassed within wis definition are compound 
analogs, notuiaJty occurring, synthetic and recorabiriant pharmaceuticals, hormones, 
antimicrobials, ncuiotranstnitters, etc. This includes any substance or precursor (whether 
5 naiurally occurring, synthetic or recombinant) which i3 to be evaluated for use as a drug 
for treatment of neurodegenerative disease, or other disease characterized by aberrant 
aggregation, or prevention thereof. Evaluation typically takes place through activity in 
an assay, such as the screening assays of the present invention. 

A variety of types of panicles can be used in the invention. For example, "fluid 
10 snspendable particle" means a particle that can be made to stay in suspension in a fluid in 
which itia used for purposes of the invention (typically an aqueous solution) by Hsolf, or 
can be maintained in solution by application of a magnetic field, an electromagnetic 
field, agitation Kuch as sliiting, shaking, vibrating, sonicating, ccntrifuging, vortcxing, or 
the like. A "magnetically suspcndablc" particle is one that can be maintained in 
15 suspension in a fluid via apph'cution of a magnetic field. An electromagnerically- 

suependable particle is one that con be mainbtined in suspension in a fluid by application 
of an electromagnetic field (e.g., a particle carrying a charge, or a particle modified to 
carry a charge). A "self-suspendablc panicle" is a particlo that is of low enough size 
andfor mass that it will remain in suspension in a fluid in which it is used (typically an 
20 aqneous solu lion), wi thout assistance of for example a magnetic field, for at least 1 hour. 
Other self-suspendablc particles will remain in suspeusioo, without assistance, for 5 
hams, 1 day, 1 week, or even 1 month, in accordance with the invention. 

"Prolema" and "peptides" are well-known terms in the art, and are not precisely 
defined in the art in terms of the number of amino acids that each includes. A3 used 
25 herein, these terms arc given their ordinary meaning in the art. Generally, peptides are 
amino acid sequences of less than about 100 ammo acids in length, but can include 
sequences of up to 300 amino acids. Proteins generally are considered to be molecules 
of at least 100 amino acids. 

As used herein, a "metal binding tag" icfcrs to a group of molecules thai can 
30 become fastened to a motal that is coordinated by a chelate. Suitable groups of such 
molecules include amino ucid sequences including, but not limited to, histidines and 
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cysteines ("polyamino acid tags"). Metal binding tags include histidine tags, defined 
below. 

Ah used herein, "chelate coordinating a metal" or metal coordinated by a chelate, 
refers lo a meiul coordinated by a chclsiiing agent that does not fill all available 

5 coordination sites on the racial, leaving some coordination sites available for binding via 
a metal binding tag. 

A6 used herein, "metal binding tag/metal/chelalc linkage" defines a linkage 
between first and second species in which a first species is immobilized relative to a 
metal binding tag and a Btcottd species is immobilized relative to a chelale, where tlto 

10 chelate coordinates a metal to which the inetul bkding tag is also coordinated. U.S. 
Patent No. 5,620,850 of Bnmdad, etal., incorporated hercm by reference, describe* 
exemplary linkages. 

"Signaling entity" means an entity thai is capable of indicating its existence in a 
particular sample or at a particular location. Signaling entities of the invention can be 

IS those that are identifiable by the unaided human eye*, those that may be invisible in 
isolation bulmay bo detectable by the unaided Unman eye if in sufficient quantity (e.g^ 
colloid particles), entities that absorb or emit electromagnetic radiation at a level or 
within a wavelength range such that they can be readily detected visibly (unaided or whli 
a microscope including an electron microscope or the like), or spectroscopically, entities 

20 that can be detected electronically or clcetrochcarical ry, such as redox-sctivc molecules 
exhibiting a characteriaric oxidation/xeducuon pattern upon exposure to appropriate 
activation energy ("electronic signaling entities'^ or the b'ke. Examples include dyes, 
pigments, olccbroactive molecules such as rcdox-actjva molecules, fluorescent moieties 
(including, by definition, phosphorescent moieties), up^egulating phosphors, 

25 chomiluminesccnt entities, elechndicinilunrinescent entities, or enzyme- linked signaling 
moidies including horse radish peroxidase and alkaline phosphatase. "Precursors of 
signaling entities 1 ' arc entities that by themselves may not have signaling capability but, 
upon, chemical, electrochemical, cjcctrlca], magnetic, or physical interaction with another 
species, become signaling entities. An example includes a chromophorc having the 

30 ability to emit radiation within n particular, delectable wavelength only upon chemical 
mteroction with another molecule. Precursors of signaling entities arc distinguishable 
from, but arc included within the definition of, "signaling entities" as used herein. 
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As used herein, "fastened to or adapted to be fastened", to the context of a species 
relative to another species or to a surface of an article, moans thai the Gpeoies is 
chcaucally or biochemically linked via covalent attachment, attachment via specific 
biological binding (e,g. ( biotin/streptavidio), coordinative bonding such as chelate/metal 
S binding, or the like. For example, "fastened" in this context includes multiple chemical 
linkages, multiple dieraical/biological linkages, etc., including, but not limited to, a 
binding species such as a peptide synthesized on a polystyrene bead, a binding species 
specifically biologically coupled to an antibody which is bound to a protein such as 
protein A, which is covalently attached to a bead, a binding species that forms a part (via 
10 gen eric enstneeatog) of a molecule such as GST or Phage, which in ram is specifically 
biologically bound to a binding partner covalently fastened to a surface (e,g„ glutathione 
in the case of GST), etc. Au another example, a moiety oovalcmly linked to n thiol is 
adapted to be fastened to a gold surface since thiols bind gold covalently. Similarly, a 
species carrying a metal binding lag is adapted to be fastened, to a surface that carries a 
is molecule covalently attached to the surface (such as Imol/gold binding) which molecule 
also presents a chelate coordinating a metal A species also is adapted to be fastened to a 
surface if a surface carries a particular nucleotide sequence, and the species includes a 
complementary' nucleotide sequence. 

"Covalently fastened" means fastened via nothing other than one or more 
20 covalent bonds. E.g. a species that is covalently coupled, via EDC/NHS chectistry, to a 
carboxylate-presenting alkyl thiol whioh is in mm fastened to a gold surface, is 
covalently thstened to that surface. 

As used hereto, a component that is "inunobilizcd relative to" another component 
either is fastened to the other component or is indirectly fastened to the other component, 
25 e.g,, by being fastened to a third component to which the other component also is 
fastened, or otherwise is Iranslationally associated with the other component. For 
example, a signaling entity is immobilized with respect to abinding species if the 
signaling entity is fastened to the tonding species, is fastened to a colloid particle to 
which the binding species is fastened, is fastened to a dendrimex oc polymer to which the 
30 binding species is fastened, eto. A colloid particle is immobilized relative to another 
colloid particlo if a species fastened to the surface of the First colloid panicle attaches to 
an entity, and a species on the surface of the second colloid purticlc attaches to the same 
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entity, where the entity can be a single entity, a complex entity of multiple species, a cell, 
another particle, cio. AU entities that con be fastened or adapted to be fastened lo other 
entities of the invention also can be immobilized or adapted !o be immobiiized to the 
other entities, and vice versa. 
5 "Specifically fastened" or "adapted to be specifically fastened" means a. species is 

chemically or biochemically linked to another specimen or to a. surface as described 
above with respect to the definition of "fastened to or adapted to be fastened" hut 
excluding all non-specific binding. 

"Noivspocific binding", as used herein, ie given its ordinary meaning in the field of 
10 biochemistry. 

"Colloids", as used herein, means nanoparticlc, i.o. very small, sclf-snspcndablc 
particles including inorganic, polymeric, and metal particles. Typically, colloid particles 
arc of leas than 250 run cross section in any dimension, more typically leas than 1 00 mn 
cross section in any dimension, and preferably 1 D-30nm, and can be metal, non-metal, 
IS crystalline or amorphous. As used herein this term includes the definition commonly 
used in the field of Hoclientistry, and it typically means gold colloid particles, 

A '"moiety that can coordinate a metal", a used herein, means any molecule that 
can occupy at least two coordination sites on a metal atom, such as a metal binding tag or 
a chelate. 

20 "Diverse biological species" means different animals, such as mouse and 

hamster, mouse and goat, etc. 

The tenn "sample" icier* u> any cell, tissue, oc fluid from a biological source (tt 
"biological Banrple"), or any other medium, biological or rum-biological, that can 
advantageously be evaluated in accordance with the invention including, bat not limited 

25 to, a biological sample drawn from a human patient, a sample drawn from an animal, a 
sample drawn from food designed for human consumption, a sample including food 
designed for animal consumption such as livestock feed, milk, an organ donation sample, 
a sample of blood destined for a blood supply, a sample from a water supply, or die like. 
One example of a sample is a sample drawn from a human or animal to whom a 

30 candidate drug has bean given to determine the efficacy of the drug. 

A "sample suspected of contabatng" a particular component means a sample with 
respect to which the content of the component is unknown. For exumple, a fluid snmple 



(78) 



JP 2004-512497 A 2004.4.22 



I'CmWJlrtMGH 



from a human suspected of having a disease, such as a neurodegenerative disease or a 
noa-neuTodegcnerarive disease, but not known to have the disease, defines a sample 
suspected of containing neurodegenerative disease aggregate-forming species, "Sample" 
in this context mcluuesnalurally-cccuning samples, sucb as physiological siimples from 
humane or oihtf animals, samples from food, livestock feed, etc., as well as "structurally 
predetermined samples", which are defined herein to mean samples, the chemical or 
biological sequence or slructure of which is a predetermined structure used in an assay 
designed to test whether the structure is associated T*ith a particular process such as a 
neurodegenerative disease. For example, a "structuraUy predetermined sample" includes 
a peptide sequence, random peptide sequence ia a phage display library, and the like. 
Typical samples taken from humans or other animals include cell3, blood, urine, ocular 
fluid, saliva, cerebrospinal fluid, fluid or other samples from tonsils, lymph nodes, 
needle biopsies, etc. 

As used herein, a "metal binding tug* refers to a group of molecules that can 
become fastened to a metal that is coordinated by a chelate. Suitable groups of such 
molecules include amino acid sequences, typically from about 2 to about J.0 amino acid 
residues. Tiiese iuclude, but are not limited to, hisb'dines and cysteines ("poly amino 
acid tags"). Such binding tags, when they include histidine, can be referred to as a "poly- 
histidine tract" or "bistidinc tag" or ,, HlS4ag'\ and can be present at cither the amino- or 
carboxy- terminus, or at any exposed region, of a peptide or protein or nucleic arid. A 
poly-hiaiidine tract of six to ten residues is preferred for use in the invention. Thcpoly- 
hiBfidinc tract is also defined functionally as hcing a number of consecutive histidine 
residues lidded to aproteinof intercet which nllowa die affinity purification of the 
resulting prolein on a metal chelate column, or the idenUBcation of aproiem tennmus 
through the interaction with another molecule (e.g. an antibody reactive with the B!S~ 
teg). 

"Affinity tog" is given its ordinary meaning in die ml Affinity tags inolude, for 
example, metal binding tags, GST (in GST/glutalhionc binding clip), and streptavidin (in 
bi otin/strepiavidin binding). M various locations herein specific affinity tags arc 
described m connection with binding intcraofions. If is to be understood that the 
invention involves, in any embodiment employing an affinity tag, a scries of individual 
embodiments each involving selection of any of the affinity rags described herein. 
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"Molecular wires" as used herein, means wires {hat enhance the ability for a fluid 
cncouulering a SAM-coalcd electrode to communicate electrically with the electrode. 
This includes conductive molecules or, as mentioned shove and exemplified more fully 
below, molecules thai can cause defects in the SAM allowing communication with the 
5 electrode. A non-limiting list of additional molecular wires includes 2- 

racTcoptopyridme,2-mcrci^robcnzolMa2»lc, dilbioUircitoL, 1, 2-bcazencdilliiol, 1, 2- 
bcrxtcncdiraemanethiol, benzcne-ethandhiol, and 2-mercnrrtodhylcther. Conductivity of 
a monolayer can also bo enhanced by the addition of molecules that promote 
conductivity in the plane of the electrode. Conducting SAM$ cao be composed of, but 

to arc not limited to: 1} poly (cthynylphenyl) chains termmsled with a sulfbr; 2) an aBcvl 
thiol ternimated with a benzene ring; 3) an alky! thiol terminated with aDNA bnsc; 4) 
any sulfur terminated species that packs poorly into a monolayer, 5) all of the above plus 
or minus alky I thiol spacer molecules terminated with cither ethylene glycol units or 
methyl groups to inhibit mm specific adsorption. Thiols arc described because of their 

15 affinity for gold in ready formation of a SAM. Other molecules can be substituted for 
thiols as known in the art from U.S. Patent No. 5,620,820, and other references, 
Molecular wires typically,, because of their bulk or other conformation, creates defects in 
an oUicrwisc relatively lightly-packed SAM to prevent the SAM from tightly sealing the 
surface against fluids to which it is exposed. The molecular wire causes disruption of the 

20 tightly-packed self-assembled structure, thereby defining defects tlia! aJlow fluid to 
which the surface ic exposed to communicate electrioally with the surface, fn this 
context, the fluid communicates electrically with Uie surface by contacting the surface or 
coming in close enough proximity to the surface that electromc communication via 
tunneling or die like, can occur. 

25 The term "biological binding" refers to the interaction between a corn^ondmg 

pair of molecules that exhibit mutual affinity or binding capacity, typically specific or 
non-specific binding or interaction, including biochemical, physiological, and/or 
pluirmaccucical interactions. Biological binding defines a type of interaction that occurs 
between pairs of molecules tncludingproteins, nucleic acids, glycoproteins, 

30 carbohydrates, hormones and the like. Spcoifio examples include antibody/antigen, 
anfilxHjj'/haptcn, enzyme/substrate, enzyme/inhibitor, enzyme/cofactor, binding 
protein/substrate, carrier protem/sabstratc, lecrin/carbobydrate, receptor/hormone, 



(80) 



JP 2004-512497 A 2004.4.22 



wuoaumu Hrmmnnm 

-21- 

rcccptor/effcctor, complementary stands of nucleic acid, protein/nucleic acid 
repressor/inducer, lignnd/celt surface receptor, virus/ligand. etc. 

The term "binding purtacx" refers to a molecule that cam undergo binding with a 
particular molecule Biological binding partners arc examples. For example, Protein A 
5 is a binding partner of tho biological molecule TgG, and vice versa. . 

The term "determining" refers to quantitative or qualitative analysis of a species 
via, for example, spectroscopy, cllipsonjetry, piezoelectric measurement, immunoassay, 
electrochemical measurement, and the Hkc. "Delmnming ,t also means detecting or 
quuntifyingintcraetioa between species, eg. detection of binding between two species. 
10 The term "self-assembled monolayer" (SAM) refers to a relatively ordered 

assembly of molecules spontaneously ohemiaorbed 011 a surface, in which tho molecules 
are oriented approximately parallel to each other and roughly perpcndioular to the 
surface. Each of the molecules includes a functional group that adheres to the surface, 
and n portion that interacts with neighboring molecules in the monolayer to form the 
15 relatively ordcredarray. Sec Latbinis, P. B.; Hickman, l\ Wrighton, M S.; Whitesides, 
G. M. Science 245, 845 (1989), Bain, C; Evall, J.; Whitcsidcs, G. M J. Am. Chem. goc. 
11 1, 7155-7164 (1989), Bain, C; Whitcsides, O. M. 3. Am. Chem. Soc 111, 7164-7175 
(1989), each of which is incorporated herein by reference. 

The term "self-assembled mixed monolayer 1 ' refers to a heterogeneous self- 
20 assembled monolayer, mat is, one mcde up of o relatively ordered assembly of at least 
two different molecules. 

In one uspect, the present invention contemplates interaction between chemical or 
biological agents for analysis, drug screening, or the like. The invention includes but is 
not limited to analyzing and/or inhibiting Ugand interactions, including but not limited to 
25 Ugands on intact cells (growing on an electrode, or in solution or in suspension). The 
present invention contemplates a variety of embodiments, including the use of drug 
candidates, known or putative Ugands, and small molecule drug libraries. 

In one embodiment, cells are grown on electrodes that may or may notbe 
derivatized with self-assembled monolayers (SAMs). Putative Ugands fag. for a 
30 particular cell-curfaco receptor) cm immobilized on a solid support (eg. gold colloids) 
along with sigualing dements (eg, electroactive complexes). These derivatized solid 
supports arc incubated with the cells immobilized on a sensing electrode (e.g. metal 
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support). The interaction between the target receptor and the ligaud on the solid support 
(eg. colloid-bound ligand) tetiicra the co-immobilized sighting elements near the 
sensing electrode. While not limited to any particular mechanisms, it is believed thai, as 
a potential is applied to the electrode, the nearby redox-active metal complexes go 
5 through their cliaracteristic oxidation potential and eject electrons. When an oscillating 
component is added on top of the voltage ramp, many electrons arc ejected by each metal 
complex and can be detected as current output. A form of this sort of electrochemical 
analysis is called alternating current voltammecry (ACV). As would be known by those 
of ordinary stall m (lis art, as used bereiu, "ceH-surftce receptor" is a generic terra 

10 encompassing also celt surface proteins. 

Certain embodiments of the invention moke use of self-assembled monolayers 
fSAMs) on surfaces, such a3 surfaces of colloid particles, and articles suah as colloid 
particles havtug eurfaccs coated with SAMa. In one set of preferred embodiments, 
SAMs formed completely of synthetic molecules completely cover a surface or a region 

ts of a surface, e.g. completely cover the surface of a colloid particle. "Synthetic 
molecule", in this context, means a molecule that is not naturafjy occurring, rattier, one 
synthesized under the direction of human or human-created or human- directed control. 
"Completely cover" in this context, means that there is no portion of the surface or 
region that directly contacts a proicm, antibody, or other species tbut prevents complete, 

20 direct coverage wHh the SAM. Le, in preferred embodiments the surface or region 
inoludes, across its entirely, a SAM consisting completely of noa-naturally-occurring 
molecules {i.e. BynUictic molecules). The SAM can be made up completely of SAM- 
forrokig specica that form close-packed SAMs at surfaces, or these species in 
combination with raolectdar wires or other species able to promote electronic 

35 communication through the SAM (including defect -promoting species able to participate 
io a SAM), or other species able to participate in a SAM, and any combination of these. 
Preferably, all of the species that participate in the SAM include a functionality that 
binds, optionally covalcatly, to the surface, such, as a thiol which will bind to a gold 
surface covalently. A self-assembled monolayer on a surface* in accordance with the 

30 invention, can bo comprised of a mixture of specica (e.g. thiol species when gold is the 
surface) thai can present (expose) essentially uny chemical or biological functionality. 
For example, they can include tri-elhylene giycoUominated species (e.g. tri-cthylcnc 
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glycol-temunated thiols) to resist non-specific adsorption, and other species (eg. thiols) 
terminating m a binding partner ofnn nftmKy tag, e.g. terminating in a chelate thai can 
coordinute a metal such as nitrilotriccelic acid which, when m complex with nickel 
atoms, captures a metal binding tagged-species such as a liistidine-tagged binding 
5 species. The present inventioa provides a method for rigorously controlling the 
concentration of essentially any chemical or biological species presented on. a colloid 
surface or any other surface. Tn many embodiments of the invention the self-assembled 
monolayer is formed od gold colloid particle*. The present invention provides a method 
for rigorously coatrolling the concentration of the histidine-tugged peptides presented on 
10 the colloid surface. Without this rigorous control over peptide density on each colloid 
particle, co-immobilized peptides would readily aggregate with each other to form 
m{cro-hydrophohic-domain3 that would catalyze colloid-colloid aggregation in mo 
absence of aggregate-forming species present in a sample. This is an advantage of the 
present invention, over existing colloid agglutination assays. 
15 The methods described in the present invention produce self-ussembied 

monolayers on colloids that resist non-specific adsorption without protein blocking stsps, 
such as blocking with BS A . The methods described herein also produce dcrivarized 
colloids that are stable in biologically relevant fluids and do not require detergents (for 
stability-, maintaining colloids in suspension), which interfere with binding reactions. 
20 This allows sensitive binding assays to be performed in solution. This abrogates the 
need for having binding partners adhered to adsorbent surfaces, as i3 common for 
existing colloid agglutination assays. As is discussed below, detergent can 
advantageously be used for SAM formation on colloids. In Ihia case, detergent can be 
and preferably is removed after SAM formation and is no longer present on the colloid, 
25 in the SAM, or elsewhere during binding interactions or other use of the colloids. 

It is not intended that the present invention be limited to embodiments wherein 
the cells are bound directly to a the metal support (e.g., electrodea). Embodiments arc 
contemplated wherein the cells arc indirectly bound through the blcracGon of ligands 
attached to the metal support That is to say, cells can also be recruited to a surface by 
30 coating that surface with molecules that directly or indirectly bind to cells, by specific or 
nonspecific interactions, Kor example, meUryl-termiaated self-assembled monolayers 
fSAMs) bind collagen non-speciBcally, which in turn binds cells non-spccifically. 
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Alternatively, peptides mat contain an argaune, glycine, aspartate (ROD) roorifc, mimic 
vifcroncctiB and bind specific coll types, like endothelial cells. Similarly, palylyaine, 
positive charge, Kringlc domains, integrins, and peptide, or molecular mimics of the 
same, can be bound to surfaces for the allachmenl'of cells. These Hgauds can be 

3 displayed on a surface by incorporation into SAMe. The Uganda themselves need not be 
directly incorporated into the SAM. SAMs that display a binding partner for analfiuily 
tag attached to the ligantl may be used. For example, peptides modified with i bistidbw 
tag can be easily attached to SAMs that contain a nitrilo tri-aceiic acid (NTA) - nickel 
thiol. Alternatively, glutathione S-transferase fusion proteins cm be attached" to a SAM 

to that incorporates glutathione or a derivative thereof. One advantage of using a metal 
electrode is that many known functional groups can be provided at the terminus of 
molecules that will form a SAM on the surface. 

Cells in solution, for example, can be attracted to a detecting electrode by 
etectropborcsiE. Specifically, cell-derived molecules can be bound to a ligand{s) thai arc 

1 5 attached to u colloid that also displays electro-active compounds such as ferrocene 

derivatives to aid in the detection of the bound complex. However, the detection element 
used can be any charged, electro-active species or fluorescent tag that can be easily 
detected or the colloid ttse1£ 

Signulkg entities ore used in a variety of assays and ummgcincnb; of the 

20 invention. K is to be understood Unit any of a variety of signaling entities can be selected 
in each case, including a dye, pigment, elect ronctivc molecule, fluorescent moid)', up- 
regulating phosphor, enzymc-linkcd wgnab'ng moiety including horse radish peroxidase 
anil alkaline phosphatase, chcuiiluminesccnt moiety, elccu-ochemilumincsccnl; moiety, 
etc. See for example, Knight, 'Trends in Analytical Chemistry", vol. 18, 1999, pg. 17; 

25 Knight, el al„ Analyst, voL 1 19. 1994, page 879; Srults, ct aL, "Use of Recombinant 
Biob'nylated Aequorin in Microliter and Membrane-Based Assays: Purification of 
Recombinant Apoaequorin from escheria eotf\ Biochemistry, 1992, 31, 1.433; 
Mcngeling, et nl., ,£ A Microplale Assay for Analysis for Solunon-FbaBc 
Glycosylh*3nsferase Reactions: Deterrruriation of Kinetic Constants", Analytical 

30 Biochemistry, 1 19, 286, (1991). A variety of signaling entities can he immobilized 
relative to surfaces of articles such as beads or colloid particles, if desired. Signaling 
entities presented on any of these can he fluorescent molecules. Fluorescent-conjugated 
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antibodies and otbei- fluorescent fusion proteins, including green fluorescent proteins, ate 
widely used hi biomedical research and testing. These fluorescent proteins and 
molecules can easily be attached to gold colloids ibid also present putative binding 
partners cither through affinity tags, EDC/N0S chemistry or by binding to aHis-tagged 
protein A. or G presented onNTA-SAM-coated colloids according to the invention. 
Signaling entities such as fluorescent moieties also can be co- immobilized on a colloid 
via a biotin terminated ligand, or may be fastened via a chelafe/rnetal/mctal binding tag 
KnTcage. A fluorescent moiety may also be fastened by attaching it to an antibody and 
using a chclate/metalAnetal binding tag with Hie-protein G to bind the antibody. The 
moieties can then be directLy delected. 

The Ugwid dcrivnJtacd colloids can be tethered near an electrode that may or may 
not bo modified with a self-assembled monolayer {SMS) and can detect the "bound cells 
by perturbations in the electrode current induced by the binding. Cell-derived proteins 
cm also be bound to a ligund(s) that is attached to a magnetic bead. Alternatively, cell- 
derived proteins can also be bound to a iigand(s) on an clcctroaclive dendrimer. 
Additionally, celt-derived proteins can be bound with a ligand (s) that is attached to a 
polymer that also displays electro-active or redox-active complexes. Cell-derived 
proteins can also be bound with a ligand(s) that is attached to a conducting polymer that 
also displays electro-active or redox-octivc complexes. 

In an alternative scheme, the described system can make use of two different 
Uganda. One tigand, which binds a lo a coRatitulively expressed cell surface receptor, can 
be immobilized on a magnetic bead aud used to recruit the cell In a sensing electrode. A 
second ligand which recognizes the cell aurfecc receptor of interest is attached to a 
signaling colloid. 

In another alternative scheme, the described system can make use of two 
distinguishable electro-active complexes, such as two ferrocene derivatives that oxidize 
at different potentials. The iirst ferrocene derivative can bo directly or indirectly attached 
to a ligand for the ccll-surfecc receptor of interest. A second ferrocene derivative ia 
directly or indirectly attached to a second ligand that binds to a constitutivcly expressed 
cell surfaco receptor, in this way, the ratio of the two signals can be used to calibrate the 
Isvel of induction of a cell-derived molecule (eg. protein) that is induced by a 
physiologicah environmental, or disease-associated change in expression. This 
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comparison of expression ratios can also bo done by having both ligands carry the same 
metal complex but incubating oepaTatc aliquots of the sample oa scparale electrode puds. 

The? present mveution contemplates the attachment of ligands (including but not 
limited to putative drug candidates) to a surface (bid can be purticle-Uke and interact 

5 them with cell-derived proteins. e.g. cell surface proteins, that can be attached to 
supports or left intact on cells in an effint to identify binding partners, determine their 
presence or absence, and quantify their levels. Specifically, intact cells that present cell 
surface receptors can be used an the first binding partner. Known or putative ligands 
attached directly or indirectly to signaling entities act us the second binding partner. 

\0 Alternatively, cell-derived proteins con be bound to a surface, and their ligand or binding 
partner attached to a particle that has signaling capability, 3uch as a colloid or derivatized 
colloid. Drug candidates enn be added to facilitate drug soroennig tiirough disruption of 
the interaction. This method is also very useful m diagnostics. A protein or antibody 
can. be immobitizedon a surface, aud a sample suspected of containing a binding partner 

IS to this protein caiibe incubated with the sample to facilitate binding, imu the nsst of the 
sample can be washed away. A particle bearing a ligand to the binding partner and a 
signaling capability can be added. If the sample contains the binding partner, the 
particle will be indirectly bound to the surrace to give a signal. The surfaces can be 
recu-uitable particles. Attachments can be direct or indirect, i.c n ulhichmaits can involve 

20 two entities becoming immobilized with respect to each other. Particles can display 
immobilized antibodies, o.g., histidinc-tngged Protein G to which antibodies bind, and 
Ihc antibodies can recognize a conunon Hgand, or can contoiu proteins that recognize 
ench other. 

One general technique of the invenb'on involves using magnetic beads to recruit 
25 an electronic or clcctrocbemical signaling entity to the surface of an electrode indicating 
capture of a binding moiety (a biological or dtcraicat agent) by a binding partner. 
Referring to Figure 27, a first species 30 is attached to a colloidal particle 32 that also 
has a signal hag capability such as Ihe raeluHocene ferrocene, 34. A second Bpecics 36, 
which is suspected of being a binding partner of 30 is attached to a magnetic particle 33 
30 thot cannot signal, but can bo magnetically attracted to on electrode 40. & one 

particularly useful technique species 30 unit a second species 36 are proteins, thus tbc 
invention finds particular use in the field ofproteomics. The technique is a example of 
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an aspect of the invention mvolvirjg ajbwiug a colloid particle 32 1be ability to fasten to 
non-colloidal structure^ magnetic bend. 38. Determining fastening of the colloid particle 
to the non-colloidal structure is carried out by drawing the magnetic bead to the electrode 
and determining whetlter the colloid particle is also proximate the electrode, or 

5 unattached. Specifically, the two components are incubated togeiher in solution and 
resultant complexes ate magnetically attracted to die electrode. Electrodes are men 
analyzed by Alternating Current Vollarnractry (ACV). (Lavimn B: J Electro Anal Chem., 
1 979, 105: 35). Current is plotted, in real rime, as a function of voltage, tf the electronic 
or elcctrocherrocal signaling moiety on the first component is brought very close to the 

10 electrode, a distinctive current peak wlU occur at a characteristic potential. If the two 
proteins interact with each other, then when the magnclic particle is attracted to the 
sensing electrode, it will also carry the colloidal particle, wMt the signaling capability, 
wifh it Because the first component is a small gold colloid, it will nrrnain in suspension 
unless it is specifically recruited to the ecnsiog electrode via an interaction with the first 

15 species on the colloidal particle and the second species attached to the magnetic particle. 
An. electronic or electrochemical signal will only be generated if the signaling particle 
has been connected to the magnetic particle through an interaction between the first 
species and the second species. In this embodiment, the colloid particle comprises an 
auxiliary signaling entity, exemplified by ferrocene. In other embodiments described 

2f> below, the colloid particle is itself a signaling entity and no auxiliary entity is required. 
This strategy can be used to rapidly somen for protein-protein interactions in 
array format. When searching for potential therapeutic targets, researchers often need to 
identify a binding partner for a particular protein. Tbc kuown protein can be attached to 
a magnetic bead, This can be accomplished by direct diemica! coupling of the known 

25 protein to commercially available magnetic beads that present chemical fanctional 

groups, by attaching to a protein A-coated magnetic bead via a cognate antibody, or by 
attaching a bistidine-ragged version of the known protein to a gold-coated magnetic bead 
Umt has been derivatixed with unKTA-SAM {sec, for example, U.S. Patent No. 
5,620,850, incorporated herein by refcreuce). Potential binding partners can be 

30 expressed as hintidinc-tagged proteins dscn separately attached to 3MTA-SAM-coated 
colloids that vilao present u ferrocene moiety. Each well or a multi-well array, interfaced 
with an electrode array, will contain the known protein on a magnetic bear! Dialrnct 
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putalivc bmding partners uiluehcd to signaling colloids can be separately added to each 
well. Resultant complexes can lien be magnetically attracted to the electrodes to 
ddecrained which of the candidate proteins, bound tbe Jawwn protein. The lenowu 
species need not necessarily be a protein. "When binding partners havobcen identified, 

5 drug candidates can he added to the assay to diarupt the interaction. 

Alternatively, biological or chemical agent 30 is a drug candidate audits binding 
partner {potential binding partner) 36 is a target of a drug candidate or vice v«rsa. 
Specifically, drug candidates can be attached to tho magnetic particles and the known, 
target species attached to signaling colloids, to identify drug candidates that bind to a 

1U medically relevant target species. Or, species 30 and 36 can be a target and ligand to the 
target, respectively, and the technique con involve bringing the colloid 32 and magnetic 
bead 38 into proximity to allow fastening of 30 to 36 in. the presence of u candidate drug 
for interruption of binding or the ligand to the target As will be seen below, this 
technique can be applied to interaction of a colloid with a variety of non-colloidal 

15 structures. 

Advantages of this technology over existing methods such as BLISA, fluorescent, 
labeling and SPR include: In this system, there is no need for protean labeling; the 
protein is attached to a labeled component. Gold colloids can be pre-labeled with both: 
a) a signaling moiety; endb) a functional group for protein attachment, Self-assembled 

20 monolayers that present both NTA/Nt 2 *', to capture WsHdinc-taggcd proteins, and a 
ferrocene derivative, for electronic or electrochemical signaling, can be formed on the 
colloids. SAMs that incorporate carboxylic acid groups, for the chemical coupling 
(standard BDC/RHS chemistry) of unmodified proteins, can also be used. The 
technology is modular. Virtually any biological species can bo co-immobilized on 

25 colloids with a signaling entity. The technology enables cost-erTectivc multiplexing as it 
can readily be multiplexed on ratccoelcctrode unuys. 

Liposomes can also incorporate the first binding partner 30. As above, the 
signaling itself can be incorporated into the liposome or lipids can be incorporated into 
the liposomes in order to capture His- tagged soluble rcceptora after Kposomc formation. 

30 The liposomes can contnin phutoactivatable groups that allow for UV-activated cross 
linking oiler liposome fomiariou in order 10 give increased stability. 



(88) 



JP 2004-512497 A 2004.4.22 



-29- 

Mentilicntiaaof drag candidates can also bo accomplished by using a competitive 
inhibition astray. Specifically, a drug candidate free in solution can be separately 
incubated with ttie composition. Competitive inhibition to the target cell-derived protein 
occurring by drug binding to receptor or ligand can be observed as a time ot dosage 
5 dependent loss of detection signal. 

Doing tin's requires a method of directly or indirectly attaching a signaling moiety 
to a known ligand and then provided a method of attaching or recruiting the complex 
binding partners to a sensing surface. The forma is described above while the latter is 
described below. 

to The sensing surface used can take various forms. However, for illustration 

purposes, methods for recruiting the binding partner complex arc described that use on 
electrode that is modified with a conducting SAM. A conducting SAM is a layer of 
molecules attached to u metal surface that allows the conduction of electrons at n rale 
that is higher than a mctid uniformly coaled with an insulating species such as Baluxaled 

15 alkyl thiolates. A preferred pathway for electron conduction can be provided by a 
monolayer into which molecular wires (polymers of aromatic ring compounds) have 
been incorporated- A variety of molecules can he used for this purpose, including but not 
limited to poly (ethynylpheiryl thiol) 0.c C 5 *H 10 S). referred to herein as MP 1 
(o)-s-<o); SH 

20 

"Molecular wires" as used herein, means wires that enhance the ability for a fluid 
encountering a SAM-codcd electrode to coTomuoicaU: electrically with the electrode. 
This includes conductive molecules or, as mentioned above and exemplified more fully 
below, molecules that can cause defects m the SAM allowing fluid contact with the 

25 electrode. A rum-uVniting list of additional molecular wires includes 2- 

mercapiopyridine, 2-mercai)iohcnzothiazole, diUiiotbreitoi, 1, 2-btmzenedithiol, 1, 2- 
beazcnedmiethanemtol, benzene-eUiariethiol, and Z-mwoaploe&ylelber. Ccmductrvily of 
a monolayer can also be enhanced by die addition of molecules that promote 
conductivity in the plane of the electrode. Conducting SAMb can be composed o£, hut 

30 are not limited to: 1) poly (ethyoyiphenyl) chains terminated" with a sulfur; 2) an alkyl 
thiol terminated with a benzene ring; 3) an alkyl thiol terminated with a DMA base; 4) 
any sulfur terminated species ihat packs poorly into a monolayer- 5) all of the above plus 
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or minus alkyl thiol spacer molecules terminated with either ethylene glycol lioits or 
methyl groups to inhibit non specific adsorption. Thiols rare described because of their 
affinity for gold in ready formation of a SAM. Other molecules can be substituted for 
thiols as known in the art fxoru US. Patent No. 5,620,820, and other references. 

5 When known ligands on signaling colloids interact with their cognate cell dcrivod 

proteinH, drag candidates can be added in solution and differential effects monitored. 
Cells can be recruited to an electrode coated with a conducting SAM that also presents 
molecules that arc terminated with head groups that directly or indirectly bind to cells 
(e.g. methyl groups, poly K, positive charge, RGD sequences, Kringle motifs, integrals, 

10 and peptide mimics of the seme). Alternatively differential interactions can be qtiantificd 
by having cell surface receptors that arc interacting with their cognate ligands presented 
on a conducting SAM that arc linked to tho S AM. In this situation, the electronic or 
electrochemical signal is generated after a Hgand binds to a constitutively expressed 
receptor. Under flow force the electronic or electrochemical aignal should be 

15 proportional to the number of cell surface receptors interacting with SAM-immobilixed 
Uganda The rate of cell mobility as a function of flow raw indicates the density of 
receptors to cell adhesion molecules on the surface. Downstream of the interactive SAM 
is a charge re&der (eg. ammeter, charge counter) or an optical reader ( eg. surfaco 
plasmon resonance detector, or fluorescence reader). Jk addition, these mediods can also 

20 he used to screen for drugs lhat mhibit a cell phenotype known to be cbaractcdsdc to 
invasiveness or metastasis without a priori knowledge of the specific rcccptor-adhcsioh 
molecule btcractionB involved. Screening for drugs that mimic a physiologically 
relevant interaction am also be accomplished using this system whether by adding a drug 
candidate free in solution and looking for a loss of detection signal, or by adding a 

25 known ligand Gee in solution with the drug candidate on the solid support and looking 
for the occurrence of a detection signal. 

Cells are attracted to the sensing electrode due to the fact that they are negatively 
charged when u slight positive bias to the AC voltage ramp is applied. Adding additional 
negatively charged groups to the deiidrimcrs or polymers to which the Uganda are 

30 attached further facilitates recruitment to the sensin g surface. Those of mdirtary skill in 
the art can readily fasten u plurality of signaling entities to a dendrimer or polymer. 
Alternatively, attaching die recognition Uganda via metal binding tags facilitates their 
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binding (and conscouaiUy the binding of the associated cell) to alkyl thiol NTA. SA Ma 
having metal containing compounds, such as ferrocene, on a gold coated magnetic bead 
ollow the use of an electromagnetic field or a stationary magnet to recruit die complex to 
the sensing surfuce electrode. Also sensing electrodes that incorporate iigands : either 
5 directly or through a histindine tag, can be used to attract cells via specific interactions, 
such as with cell adhesion molecules or dou specific interactions. 

However, recruitment to the detection system can be performed also simply by 
using gravity if the complex sediments by gravity as a result of one of the binding 
partners being denser than the analysis solution. Mechanical mixing can be performed 
10 dnrins the incubation stage to avoid premature sedimentation. Figs. 32A and 32B show 
ACV plots of an experiment demonstrating me use of gravity to recruit a signaling entity 
indicating a binding mtcraotfon to a surface, and a control. GST was bound In colloids 
via it metal binding tBg/meud/chclatc linkage (NTA-SAM). The colloids also presented 
ferrocene derivatives for electronic or electrochctnicul signaling. As a negative control, 
15 the colloids were presented in solution to a measuring electrode and the plot of Fig. 32A 
was derived. One set of colloids was exposed to polymeric beads (agarose) coated with 
glutathione. The colloids became fastened to the beads via glutathione/GST binding, and 
the beads settled onto the electrode by gravity. The ACV plot of Fig. 3213 resulted, 
showing ciectroactive detection of ferrocene approximate the electrode, 
20 In a variation that uses the electrode as a cell derived protein gcueraux, a point on 

the electrode pad can be used to produce a voltage spike thai lyses die cell. The contents 
of the cell arc then incubated with signaling ligands and interactions arc detected- 

Additionally, cell binding molecules can be patterned in a given topology along 
the boitom of a flow channel using SAMs in order to line the channel with conducting 
Z=5 molecules and enhance the detection abilities of tbe system. Thus, the SAM" can present 
the binding moiety in a pattern that alternates cell binding capability with sensing 
capability (optical or electronic or cleotrochermcal). As an example, stripes of methyl 
terminated alkyl thiols arc alternated with conducting poly pyrrole groups in the SAM. 
The topology of the SAM can also be manipulated such that the cell lies in a furrow so 
30 thatTeceptore along the aides of the coll can bo asseaaed. Forming stripes of alternating 
functionality SAMs such as these can be carried out as described in U.S. Patent No, 
5,512,131 and International Patent Publication No. WO 96/29629, both incorporated 
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herein by reference. These complexes can he electronically or electrochemical ly 
detected. One delecticm method is an electrochemical tcohnique called elleniaJtng 
current voltammetry (ACV). This detection method can be supplemented by the use of 
additional analysis techniques such as higher older harmonic analysis, These complexes 
5 may also be able to be detected by optical means such as SPR. In using the latter 

technique, large Bhifts in oplical properties arc caused by recruitment of tfic complexes !o 
the sensing surface. 

Tn one embodiment, one am detect and quanritatc cell surface protcina as follows: 
Histidine-taggod itgands that recognize ceU surface receptors arc attached to colloids that 

30 bene SAMs presenting both MTA (to capture His-tagged proteins) and Xerrocene moieties 
(for electronic or electrochemical signaling). These biospeciftc, electronic or 
electrochemical signaling colloids arc then incubated with colls presenting target 
rcccptoro. Cells are then allowed to sediment, adhere, or be attracted onto to a SAM- 
coated electrode and analyzed by ACV (Figure 3). A current peak, ut the ferrocene 

15 moiety's characteristic oxidation potential, will result if Uganda immobilized go signaling 
colloids bound to their cognate receptors on the coll surface. Antibodies that recognize 
the cell surface receptor can be attached toNTA-ferroeene bearing colloids that have 
first been bound with His-tagged protein A or G. Alternatively, an antibody can be 
attached directly to a colloid via a metal binding tag/ractal/chelate linkage, where the 

20 metal binding tag is linked to the antibody. Techniques for linking a bistidtne tag to an 
antibody can he found in "Construction of tho single-chain. Fv from 19rt-14 antibody 
toward ovariun cancer-aasociatcd antigen CA125" Hashimoto., Y., Tamgawa, K» 
^lalcashima, M., Sonoda, K., Ueda, T.> Walanuhe, T., and lmoto, T.: 1999, Biological and 
Pharmaceutical Bulletin, Vol 22: (10) 10684072.; "Human antibodies with sub- 

25 nanomolar affinities isolated fan a large non-immunized phage display library", 

Vaughan, T.J., Williams, AJ., Pritchard, K., Osboum, J.K., Pope, A.R-, Bamshaw, J.C. 
et at 1996, Nature Biotechnology Vol H (3) p. 267.; "Expression and purification of 
single chain anti-HBx antibody in E. colt" Zhou G, lui KD, SunH.G, Chen Y.H., Tang 
Z.Y., and Schroder Cli, 1997, vol. 123(11-12) pgs 609-13. 
30 As one example of a tccltrriquo of the iuvcntioo, with reference to Figure 4, an 

example of a useful technique involving fastening of a colloid particle to a cell in 
described. The tumor marker, MUC-1, is aberrantly expressed on neoplastic cells. The 
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human tissnc culture breast carcinoma cell line, MCF-7, mailable from the ATCC, over- 
expresses MUC-1. Antibody 50, DF3 or ami DF3-p, available from theDaun-Farber 
Cancer bislitute, is att ached to electronic- or clectrocherniciH signaling colloids 52 
(bearing NTA-SAMs 54) via a bistidine-tagged protein G 5G. Target cells 58 are 
5 incubated widi the antibody-bearing signaling colloids 52, then electrophoresed to an 
electrode 40 coaled with a SAM containing molecular wires 58 and analyzed by ACV. 
The SAM an electrode 40 includes molecular wires 58 admixed within more 
conventional, tight-packing SAM-forming species. For simplicity of illustration in ul! 
figures, only molecular wires 58 arc shown schematically. A current peak results it" the 
10 antibody-bearing signaling colloids at e incubated with cells bearing MUC-1 . 

Alternatively, the putative cognate ligand forMUC-l, I-CAM can beHis-taggcd and 
attached to signaling colloids that also bear NT A groups. 

Another assay is shown iu Figure 5. Drog libraries can be screened for their 
ability to disrupt specific interactions with cell surface proteins, sueb its the MUC4/1- 
15 CAM interaction. I-CAM 64 is bound to signaling colloids 62 as described above, then 
incubated with cells 70 presenting MUC-1 (66) and control cells. Drug candidates 68 are 
added to the solution within which the cells and colloids are suspended, then 1he cells 
adhere to the electrode and analyzed by ACV, A loss of signal indicates an interaction 
with a drug candidate. Figure 6 illustrates how this scheme can readily be multiplexed to 
20 simultaneously screen thousands of drug candidates using arrays of disposable 

microwellc 72 with inlerfncuble arrays of microelcctrodes 74. Each well contains an 
assay as shown in Figure 5 or another assay. 

Referring now to Figure 7, an arrangement is shown in which for a gain of signal 
assay, or to screen Tor drugs 1o bind cell surface receptors 80 for which the cognate 
25 ligand is not known, small molecule drug libraries can be synthesized on, or covalently 
attached to, colloids or particles 78 that also bear electronic or electrochemical signaling 
moieties 34. Drug candidates 76 attached to signaling panicles can be incubated with 
cells 82 presenting the receptor 80 of interest, or control cells 84. A drug-target 
interaction in this assay will result in a gain of signal (Figure 7). 
30 The cell surface receptor, otV03, has been implicated in promoting angiogoncsis 

through an interaction with a celt adhesion molecule vitronectin. Human umbilical 
veinous endothelial cells (HUVEC) that present oV03 cell surface receptors ore 
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comincrcially available from Clonctics. To screen for drugs that inhibit the action of 
oV/33, His-laggcd peptides that present RGD-contairring sequences, derived from 
vitronectin, ate attached to colloids that bear SAMs presenting both NT A. groups and 
ferrocene moieties. ThebiospcciQc signaling colloids are then incubated with HUVEC 
cells and drug candidates. The 1IUVEC ccIIb cimbc grown on the electrode. However, if 
the cells me in solution or suspension they can be elechophortsaed or magnetically 
attracted to a sensing electrode and analyzed by ACV. A current peak occurs when 
biospeciBr, coKoids are incubated with HUVEC cells, rather than control cells. If a drug 
candidate interferes whh the oVj»-RGD sequence interaction, a loss of signal results. 
Viability of this assay as a screen for angiogencsia inhibitors was shown by disrupting 
the oV/33-RGD interaction with the known angiognesis inhibitor endostatin. The assay 
con be conducted electronically, as discussed, or visually by growing the cells in a 
standard plastic dish, conducting the assay, and viewing the cells under 40-foJd 
magnification. 

Mematively, drug candidates can be synthesized on, or attached to, beads, 
colloids or supports that also present electronic or electrochemical signaling moieties. 
These "particles" or surfaces are incubated with target cells, attracted to a sensing 
electrode and analyzed by ACV. The attractive field is then reversed and peptides 
containing RGD sequences are titrated into the solutions. The cells arc again 
eleccrophorcHcd to the sensing electrode and rc-analyzcd. A loss of signal indicates thst 
mc drag-cell interaction is specific for the aV03 receptor and tlic IC M of (ho RGD 
peptide can be correlated to a binding affinity tor the drug. 

Alternatively, a A9 amino acid peptide, cchistaiio, that also binds to aV03, can be 
Bis-tagged to replace the RGD-contaming peptide in the above-described assay. 

Metallocenes are particularly useful as signaling entities for the following 
reasons. Various ferrocene derivatives and be selected to each oxidize at unique voltage 
between 100 mV to 300 mV. Each oxidation potential represents a unique label so thai 
multiple cell surface targets can be simultaneously queried, ir a biologically relevant 
inleraction between a cell surface receptor and a colloid immobilized ligaud occurs, the 
\ cell js decorated with electronic or clectrochcmica! signaling particles and n current peak 
results. The magnitude of the currentpea&; should be proportional to the number of cell 
surface receptors that were recognized by the signaling colloids. 
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Cell-surface molecules can be detected on cells jn suspension or embedded in a 
tissue sample, as shown in Figure 8. Frozen tumor specimens 86 aro cryo-sccUoned and 
placed directly onto a flexible. semi-perraeabltJ raembnmo support 88 that lias been 
derivatized with cell-binding groups 90 such as RGD-containing peptides or metiryl- 

5 terminated groups. The specimen is then incubated with electronic or el ectrochemical 
eignaUng colloids 92 that also present Uganda 94 for a cell surface receptor of interest. 
Unbound colloids arc washed away after an incubation period. The support membrane is 
then placed in physical contact with a microckctrodc array 96, having electrode 
dimcosions comparable to cell size, and analyzed by ACV. Each sector of the tissue 

t o specimen is analyzed for protein content and expression level, then correlated with 
hislopothology. This capability ensures the relevance of siDglc cell analysis because it 
ennbles the researcher u> identify protein patterns that arc associated apec'ifically with 
cancer cells and discajd random aberrant protein expression. Cells in suspension can be 
similarly attached to tbe support membrane. 

j s This technique can be used to identify cell-d erived molecules, such as receptors 

or proteins, that arc expressed difTerentially in healthy versus diseased tissue or cells, 
This differential expression can involve different levels of an expression in healthy 
versus diseased tissue or cells, and/or different patterns of expression on tissues or cells 
which can bo readily identified. This technique facilitates diagnostic assays foe 

20 determination of diseased states. For example, in connection with a patient suspected of 
having a particular diseaso, cells can he taken from the patient, specifically, colls that aro 
associated with an indicator of the disease such as cells from a biopsy, blood sample, 
etc., and these cells can be analyzed versus healthy cells to ddcrrmnc expression levels 
or patterns indicative of disease. One can also use this system to Bcxoeo for drugs Hint 

25 inhibit the uprcgulau'on of cell-derived proteins that are involved in various pathological 
conditions. Examples of two tcclmiqnes for drag screening include: (1) admimsfering a 
candidate drug to a patient suspected of or exhibiting symptoms of disease and 
monitoring a biological sample including cells of the patient as described above to 
drtcmiine efficacy of the drug in treatment of the disease; (2) taking a biological sample 

3d including cells from a paticut suspected of having or having a disease and exposing the 
biological sample or components of the cells to candidate drugs, ami moiutarmg 
expression level and/or pattern using the techniques described above. Once a binding 
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partner fwiueh can include a drug, antibody, or protcritvpeptide ligand for the cell derived 
protein) has been identified, the binding partner can be attached to a detection moiety to 
quratiUite the expression level of the cell-derived protein in response (o a disease state or 
a therapy. This can be any assay that tests for the indirect affects of drug candidates on 
5 the expression and translocation of cell-derived proteins both to the cell-surface and 
intracellular compartments. 

The invention olso provides tlx: ability to visually investigate patterns of cell 
surface receptor expression on individual cell surfaces and/or on cells embedded in a 
tissue specimen. This can be indicative of the pattern of cell surface receptor expression 
jo which can be correlated to a disease state. These can olso be used in diagnostics or drug 
screening methods, tn n particular essay, colloid particles carrying Jignnds that bind to 
coll surface receptors axe exposed to individual cells or embedded oolls and tbo location 
of (heir binding with respect to individual cells can be ddcrroiucd visually, indicating the 
p&Ucrn of cell surface receptor expression. For example, MUC-1 is a cell sitrJacc 
15 receptor implicated in breast cancer. MUC-1 normally is expressed uniformly on 

surfaces of a variety of cell types. In transformed cells involved in a variety of cancers, 
the receptor is ovcrcxprcsaed and is concentrated at apical locations of the cell. This can 
be detenninod using the described technique. In drug screening, a culture of transformed 
cells can bo provided and treated with drug candidates. The loss of the apical pattern 
20 expression is investigated. Visual identification, in this embodiment, can involve any 
technique described herein such as observation withuhe unaided human eye, microscopy, 
spectrophotometry, electron microscopy, fluorescence detection, etc 

Tn the technique involving electronic or electrochemical detection described 
above, the levels of expressed species can be compared between samples, including 
25 samples each involving an individual cell or other very small quantity, and patterns can 
be determined on larger samples including tissue samples, hi connection with the visual 
detection embodiment described above, levels of expressed species can be determined as 
well as patterns of expressed species on both large samples and small samples including 
single-cell samples. Signaling entities useful in electronic or electrochemical detection 
30 include signaling entities described horein for electron io or electrochemical detection, 
including rcdox-active molecules such as ferrocenes. tn connection with visual 
detection, any visual signaling entities described herein can be used including colloids. 
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alone or carrying auxiliary signaling entities such as fluorescent or other visibly- 
identifiable ontities. Multiple signaling entities can be used Cue., multiple signaling per ■ 
binding e'veat). In connection with both electronic or clcctroclicmical or visual 
signaling., different signaling entities ran be used in connection with difTerent assays. 

5 For example, a first ligand selected to target a first receptor or protein may he 

immobilized with respect to n first signaling entity while h second ligand, selected to 
target a second protein or receptor can be immobilized with respect to a second signaling 
entity. In electronic or etetrachojuical signaling the different signaling entities can 
include different redox potentials, the dinercnco between which is distinguishable 

jo electronically, and in connection with vieual identification, different signaling entities can 
bo different colors of emissive or absorptive cuUties, In such a case not only can 
expression level and pattern of proteins or receptors be detennined but patterns can be 
differentiated in terms oflocation of expression of one receptor orprotcm versus another. 
The bioBpccific colloids, described above, can also be used to facilitate in viva 

IS imaging. The colloids used ore gold, whioh is r elarively inert Gold colloids that have 
been derivatked to present an antibody or other ligand for a tumor marker con bo taken 
internally or injected. A rumor mass piesenting the cognate tumor marker will become 
covered with colloids, acting as a concentration device, The tumor can then be delected 
by imaging teebniqacs, such as X-Ray and X-Ray computer tomography (CT), since die 

20 cQcctivc result can bo a tumor mass enshrouded in metal. Individual colloids in solution 
would be invisible to detection. Tumors mat have been so labeled with biospecific 
colloids can also be detected by MRJ (magnetic resonance imaging). Imaging may be 
enhanced hy mcotponuing paramagnetic metals and other contrast agents, such as Fe, 
Gd, or Cr. Contrast agents can bo attached to the colloids by incorporating metal 

25 chelating thiols into the SAMn that are formed on the colloids. Alternatively, SAMs that 
only present a cognate ligand for (he target protein expressed on the tumor, can be 
formed on particles composed of the contrast agent, material. Colloids having an iron or 
magnetite core can be gold-coaled then derivauVcd with biospecific SAMs, 
Alternatively, liposornc-1 ike particles can be formed from lipid chains terminated in 

30 chelating groups such that the metal contrast agents form the "core" and the biospecific 
lignnds are exposed to solvent. Alternatively, the colloids can bear, in addition to the 
biospecific ligand, moieties that have n specific spectroscopic signature, which can be 
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detected by energy absorption or Bcaltering techniques, including Ram/m Spectroscopy. 
The imaging apparatus can be contained outside of Ihe body or introduced into the body 
on scopes or optical fibers. Alternatively, colloids bearing moieties that transmit radio 

frequencies can generate a delectable signal if concentrated onto a tumor mass. Tlie 
5 signal from individu al coUoida should be negligible or undetectable compared with the 

signul generated from a concentration of colloids bound to a tumor mans. 

With reference to figure % to determine whether two proteins interact with each 

other, one will bind the first protein 104 to n colloid 106 presenting bothNTA 54 and 

ferrocene Hgands 34 and bind the second protein. 100 to a SAM-coated magnetic bead 
to 3 02 that presents only ihe NT A lisnnd 54. The two particle types arc mixed together then 

magnetically recruited to a sen ring electrode 40 under which is a magnet 108. An 

electronic or electrochemical signal will only be generated if the magnetic bead were 

connected to the signaling colloid through the interaction of (lis two protein species. 

Non-histidine-tagged proteins can also be attached to signaling or magnetic (recmitablc) 
15 particles by forming SAMa on them that incorporate caibaxy-ternrimtcd thiols along 

with thiols terminated with an exposed group that is cliarged and that ia not involved 

with the coupling chemistry (such as "NTA thiols). Standard EDC/.NHS coupling 

chemistry can then be used to attach any molecule tbat presents a primary amine. 

Because Uic electronic or electro chemical labeling stqj has been separated from the 
20 protein preparation step, the system can be efficiently multiploxod using universal 

electronic or electrochemical signaling colloids and magnetic particles. Tliia facilitates 

the construction of protein interaction databases to belp researchers decipher tlie 

molecular profiles of cancers. 

Interacting protein partners can be incubated with small molecule drug libraries 
25 and drug leads identified by detecting a loss of Kignal. Alternatively, small molecule drug 

libraries can he purchased on maguctic beads to directly screen for drug candidates dtat 

bind to a known, target protein. 

The basic technology described herein can nlso be used lo screen for drugs to 

modulate enzyme activity. Certain en&ymcs have been idcntifiEd as being critical to the 
30 progression diseases, .m some cases a molecule muat bo cleaved at n specific site for it to 

become active aud one would like to screen for drugs that inhibit the activity of the 
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euxyme thst does this. The technology described herein can be used aa described below 
for flbic purpose-. 

Useful in carrying out this technique is the following: Edelstetn and Distefano 
have reported that fcraesyi pyrophosphate groups modified with photoactivatabte cross- 
5 Unking moieties can he added to peptide motifs derived from RAS by yeast FIT 

(Hdclstcin R. and DiKtefaooM. (1 997). PhotoafTinity labeling of yeast farnesyl protein 
transferase and enzymatic synthesis of a RAS protein incorporating a photoactive 
tsopreuotd. Biocbcm. and Biophys. Res. Comm. 235, 377-3 R2). rheir objective was to 
use this assay to show that faraceyl derivatives were recognized by FPT, by cross-linking 
30 the- two. This finding is consistent with the idea that fcunesyl or garenyl moieties can be 
modified with bioun at the end distal from the pyrophosphates without interfering with 
enzymo activity or specificity. 

With reference to Figure 10, an enzyme cleavage site (ECS) 1 10 can be ntmched 
at one end 112 to a molecule 122 for which there is a known bradingpartner (BPl). At 
15 the other end 114, it can be attached to a molecule 1 1 6 that can incorporate into a SAM 
(HS-R.-X), where S h sulfur, R is an molecular species that can incorporate into a SAM, 
and X is a linker. The resultant molecule can bo incorporated into SAMs on colloids 11 6 
along with groups IIS that can deliver an electronic npal (HS-R-XM), where M is a 
redox-actrve metal or transition metal (or other group capable of transducing an 
20 electronic or electrochemical signal when brought close to an electrode). Magnetic 
bends or panlolo3 120 can be derivatized to present a molecule 124 (c.g., streptavjdin) 
(BP2) that binds to BPl 122 eidier directly or indirectly through a simultaneous binding 
to a mutual target molecule (BP3). 

For example, electronic or electrochemical signaling colloids 1 16 can be 
25 derivatized with thiols bearing enzyme cleavage sites (ECS) and terminated with biotin. 
Magnetic beads can be derivative wiUi sfrcptavidin. Magnetic beads and signaling 
colloids can be incubated with the enzyme of interest and drug candidates. If a drug 
candidate that can moderate, or inhibit the action of the enzyme, then the site (of e.g„ a 
protein or peptide) would not ba cleaved, and the signaling colloid would be attached to 
30 the magnetic bead through the biottn/strcptavidin interaorian. When the complexes arc 
magnetically attracted to u sensing electrode, a current peak would result, making the 
assay a gain of .signal detection assay. That is, a prolehj can be adapted for linkage both 
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to colloid 1 1 6 and bead 1 20 via a S AM-forming species at one end and a binding partner 
122 linkable to an immobilized binding partner 124 on bead 120. and cleavage, or 
moderation thereof, monitored. '1 Tie protein can be linked to the colloid and bead in a 
variety of ways including thai described or, in. addition, the colloid can present a chelate 

5 coordinating a metal, the protein can be provided wi lb a racial binding tag- The invention 
is even more generalized, in that any entity adapted for linkage both to the colloid 
particle 1 16 and any non-colloidal structure, such as bead 120, can be presented to the 
colloid and the non-colloidal structure and allowed to link thereto, in the presence both 
of an enzyme having the ability to cleave the entity and a candidate drug for moderation 

io of activity of the enzyme. The non-colloidal structure etui be a bead as illustrated, or aa 
electrode itself. 

BP I can be the samo as BP2 and/or BP3. For example, lha thiol tliat bears the 
ECS andBPl (biotin) can bind to free strcptavidiu (BP3) then to biotin (BP2) on the 
magnetic beads. A Uernatively, one may seek to inhibit or accelerate on enzyme that 

15 adds a molecular group to a target molecule, i.e., one can expose a colloid particle and a 
non-colloidal structure to a substrate for an enzyme adapted for linkage to the non- 
colloidal structure, a molecular species linkable to the substrate via enzyme activity 
adapted for linkage to the particle and an enzyme for flic substrate. This can be carried 
out fttrther in the presence of a candidate drug for moderation of the enzyme* and the 

20 non-colloidal structure can be a magnetic bead with the colloid particle carrying; an 
immobilized electroaotive entity. Alternatively, the non-colloidal structure con be an 
electrode surface. 

Specifically, with reference to Figure 11, in such a case, electronic or 
electrochemical signaling colloids 126 are derivauzed wilh the molecule 128 via 

25 cbclatc/mctal/mctal binding tag linkage, to which the group ts to be added . The piece to 
be added, the addition molecule L30, is taminatcd -adfk a first binding partner (BP1) 132 
(can be biotin). The magnetic bead 12 presents a binding partner of BP1, (BP2) 134 (can 
be streptavtdin). Colloids, magnetic beads, addition, molecules, the enzyme of interest 
and drug candidates are incubated then attracted to an electrode for analysis. A loss of 

30 signal, compared to controls, indicates that tho drag candidate inhibited the enzyme's 
activity wliile a gain of signal indtcatea a drug enhanced Jhc enzyme's activity. 
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A wide variety of SAMs can be used in accordance witfa the invention, on awide 
variety of surfaces, to present deaired species audi as binding partners, signaling entities, 
and the like at a surface of an article such as an electrode, colloid particle, or the like. 
Those of ordinary skill in the art can select from among a wide variety oCsurfaces, 

S functional groups, spacer moieties, etc. Air exemplary description can be found in U.S. 
Patent No. 5,fi20,85O. This U.S. Patent also describes a variety of metal binding tags that 
can be used, including nttrilotriacetic acid, 2,2-bu;CsaHcyHdenearmrio)-6,6'- 
dcmethyldiplienyl, and l,8-bi^a>pyridyl)-3,6-dHluaoctane,orthelilce. 

A variety of non-colloidal structures comprising beads ore described above. The 

1 0 beads can comprise polymeric material, agarose, lentageL und/or magnetic material. 
Polystyrene beads arc quite useful. The function and advantage of these and other 
embodiments of the present invention will be more fully understood from the examples 
below. The following examples arc intended to illustrate the benefits of the present 
invention, but do not exemplify the full scope of the invention. 

1 5 The following examples and experiments illustrate particular embodiments o f the 

present invention and are not to be construed as Hrruting the invention to any particular 
embodiment 

In some of the ernbodUnems described below, the examples involve SAM 
formation, collagen coating, cell growth, colloid formation, and Alternating Current 

20 Volf ammctry (AC V) . For SAM formation, glass ra icroscopc slides were sp uttered, with a 
layer of Ti followed by a layer of Au. Each electrode was incubated ut RT for 0.5 hours 
with 300 uL of a DMF solution that contained 1 0% mdhyl-tcrminated dnol (HS- 
(CH2)1S CH3),40% iri-ethylcne glycoWcrrninated thiol, HSCOT^nCCHjCB^OH, 
(formula) and 50% MF-1. 2 ml of 400 uM tri-Dthyleno glvcol-teiminated thiol were Oien 

25 added to a scintillation vial containing the chip and the vial was heal cycled in a water 
bath as follows: 2 minutes (u) 55"C; 2 minutes @ 37°C; 1 minute @ 55°Q 2 minutes @ 
37*C then RT for 10 min. Electrodes were then dipped in EtOH, then sterile PBS to 
rime. They were men placed under Ihe LTV gennicidal lights in a bioeafety cabinet fori 
hour to ensure sterility. 

30 For collagen coating, a 200 uL dxoplot of 0.005 mg/ml collagen in PBS wa» 

added lo each electrode and incubated at 4°C for 2 hours. 
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For cell growth, the electrodes were placed in a cell growth flask and a solution of 
growth media and human endothelial celJs (HUVECs), presealing a particular cell 
surface receptor, aV03, was added. The electrodes and cell containing solution were 
incubated at 37 °C in a COj incubator for 24 hours. Visual inspection with 1Q0X 

5 magnification showed that the cells; had adhered to the electrodes and showed web-like 
spreading which is a growth pbenotypc. 

For colloid preparation, 1.5 ml of commercially available gold colloid (Auro 
Dye) were pelleted by cciitriJugation in a microfugc on high for 10 minutes. The pellet 
was iesuspended in 100 uL of the storage buffer (sodium citrate and rween-20). 100 uL 

10 of a dimethyl fomjarnide (DltfF) solution containing 90 uM mtrilo tri-acctic acid (NTA)- 
thiol, 90 uM ferrocene-thiol, and 500 uM carhoxy-temunatcd thioL Following a 3-hour 
incubation in the thiol go lotion, the colloids were pelleted and the supernatant discarded. 
They were (hen incubated iu 100 uL of 400 uM tri-ethyleue glycol-ttrminated thiol in 
DMF for 2 minutes at 55 °C, 2 minutes at 37 °C, 1 minute at 55 *C, 2 minutes at 37 °C, 

J5 then room temperature for 10 minutes. The colloids wcro then pelleted and 1 00 ul of 

phosphate buffered saline (PBS) were added. The colloids were then diluted 1:1 with 1 BO 
uM NiS04 in the colloid storage buffer. 100 uL of a RSs-taggcd peptide at lOOuM in PBS 
wexc added to lOOoL of NTA-Ni(H) presenting colloids and incubaicd for 0.5 hours. To 
got rid of free, unattached peptide, the colloids were then pelleted and the supernatant 

20 discarded. The colloid pellet was then resuspended iu lOOuLPBS. Colloids ware bound 
with either a) a peptide designed to bind to Oie aV03 receptor, 

HHHHHH(S^Gt) 3 GJlGDSGRGDSi or b) an irrelevant peptide, HHRHHH-Olutaihionc 
S-Transferaso (GST). Peptides containing an RGD motif have been shown to bind to the 
aV#J receptor on endothelial cclle. It is thought that RGD molife in vitronectin (the 

25 natural ligand for etV03) arc responsible for the interaction. 

AC V Analysis was performed using a CH Instruments electrochemical analyzer. 
A three-electrode system was used. A silver vs. wlver chloride reference electrode was 
used with aplatimsm auxiliary electrode. The derivaozed gold-coated chip was used as 
the -working electrode. A 25 mVolt overpotential was applied to the electrode at a 

30 frequency of 10 Hz. 
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E^amplc 1 

This example describes an assay to screen forinlribifors of farnesyl protein 
transferase (FPT) and geranylgerunyl protein tronsfeiaso (GGPT). 

Wc have designed an assay thai can be readily multiplexed that; 1) incorporates 

5 the wild-type target protein, and mutants into the initial screening process; 2) directly , 
detects and quanUtatca the addition of farncsyl/geranyl groups and analogs thereof to die 
target protein by the enzyme of interest; and 3) can detect differential effects Df drug 
candidates on enzyme activity. 

Our strategy is to: 1) attach. Maine-tagged HAS proteins (or peptide motifs or 

10 fragments derived from the various mutants) to colloids bearing SAMs that present both 
NTA/Ni(H) groups (to captnrc Iustidinc-taggcd proteins) and transition metals such as 
ferrocene for eleotnmio or electrochemical signaling; 2) modify famesyl pyrophosphate 
derivatives with biotin (Figure 13); 3) add enzyme; 4) add candidate inhibitor; 5) odd 
magnetic beads bearing slrepumdin; 6) magnetically attract to a sensing electrode and 

15 electron ically analyze, Tlie enzyme FPT should add the biothylated farnesyl (or geianyl) 
moieties to die RAS immobilized on the signaling collqicL Magnetic beads bearing 
strcptnvidin will bind to the biotin and the complex will be botii recruitable and 
delectable. Assays wiE be performed in parallel in microwelis interfaced with a 
mjcroelcctrode array, varying tho RAS variaut irmuobiuzed on the signaling colloid, and 

20 the drug candidate (Figures 1 4 and 1 5). The entire microetectrode array will be 
electronically analyzed to determine the differential effectc of drug candidates on 
enzyme activity for piirliculur target proteins. If a drug candidate toterferes with the 
enzyme adding a farnesyl group to the target, mutant protein, a diminution of the 
electronic or electrochemical signal will result. 

25 This strategy can be used, to monitor an enzyme's activity or screen for drugs that 

modulate its aciivhy. Non-htstidine-taggcd proteins can also be attached to signaling 
colloids by standard coupling chemistry, Farne&yl derivatives can alternatively be 
modified with a recognition group other than, biotin, that is a binding partner of a group 
hn mobilized on the magnetic beads. 

30 Edelstein and Dictefeno have reported that jfemcsyl pyrophosphate groups 

modified with pholoactrvatable cross-linking moieties can be added to peptide raolift 
derived from RAS by yeast FPT (Edelstein R. and Distefano M. (1997). Pholoaflinity 
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labeling of yeast farnesyl protein transferase and enzymatic synthesis of a RAS protein 
incorporating a photoactive isoprenoid. Biochem. and Biopliys. Res. Comm. 235, 377- 
382). Their objective was to vise this assay to show that farnesyl dcrivativee were 
recognized by FPT, by cross-linking the two. This finding is consistent with, the idea that 
5 fameayl or gzicnyl moieties can be modified with biotin nt mc end distal from the 
pyrophosphates without interfering with enzyme activity or specificity. 
ExDinplc<l 

In tins example, colls wore attached to gold-coated electrodes derivatized with 
SAMs. The cells, which were still attached to the electrode, were then incubated with a 

to solution containing gold colloids which had been derivatized to present both a Hgand 
specific for a receplor on the cell surface and a ledox-active metal capable of delivering 
an electronic or electrochemical signal to the electrode. After some inenbation period, the 
electrodes were scanned by alternating current voltammetry (ACV). A positive 
interaction between the colloid-bound ligund and the cell surface receptor will bring the 

1 5 rcdox-activc metal, also on the colloid, close enough to the electrode to transduce an 
electronic 01 electrochemical signal. 

More specifically, electrodes were derivatized with SAMs to present 10% methyl 
head groups in a background of 50% Bis(cthynyiphcnyl thiol) (i.o. CjsHinS) to facilitate 
electron flow to the electrode. <1Q% trielhyleno glyool-tenuinated thiols 

20 (HS(CH) 2 )j i (CHzCHOiOH) were included to help monolayer packing. 1\ had previously 
been shown that celt growth can be supported ou HSCl5-methyi-t emanated SAMs that 
were coated with collagen. Both the HSCHjCjsCBa «id the collagen, aro insulating 
molecules and can inhibit electron Sow to the electrode. For 0ub reason, in this example, 
the saturated carbon chain-collagen coverage was reduced to produce islands of growing 

25 cells adjacent to the more conducting molcculnr wires. Human endothelial cells 
(HUVECs), that present a cell surface receptor aV/33, which is important for 
angiogenesis, were grown on the electrodes. SAM-coatcd gold colloids bearing a Hgand 
for the receptors and ferrocene moieties for electronic or elcctrochcrnical signaling wore 
briefly incubated with the cell-presenting electrodes, then analyzed by ACV. 

30 For ACV analysis, a I ml capacity sDtcone gasket was clamped onto the ccll- 

prescatiug electrode. LOOul of KTA-Nl colloids that had been pre-bound with a His- 
taggedRGD motif peptide and lOOul JPBS were added to the gasket for incubation with 
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fhc cell-presenting elocliodc. Ailcr 15 minutes, the first ACV scan was 1akai. Two 
suceessivo scans were tnken at 1.5 rninoto intervals. Current ouiput was plotted against 
voltage. The flrs! scan produced a broad current bulge characteristic of PBS butter. The 
socorjd and third scans generated a distinctive current peaks 0.5uAmps and l.SuArups 

5 respectively, at a clmniclcristiii ferrocene potential (at 780 m Volts), see Figure 16, The 
negative control, in which an identical electrode presenting the same cells was incubated 
with lOOuL of NTA-NUTl) colloids thai were pro-bound with His-lagged GST, produced 
a first scan thai was similar to the electrode incubated with RGD-picscttting colloids. 
However, the brood bulge had decayed by The second and third scans which were 

10 identical (Figure 1 7). In sharp contrast to the 1 .6 u Amp peak for the positive, no well- 
defined peak resulted for the ncgotive control, 
' Example 3: Cell p.rowth on conducting surfaces 

Tills example describes the electronic detection of cells grown on "conducting" 
surfaces that were not coated with collagen. Cells were grown on gold electrodes that 

15 were modified with sul&r-c^ntairiing molecules, in some cases assembled into 

monolayers, but not coated with collagen. Electrode modification wjs performed as 
described in the electrode preparation section of Example 2, with the exception that 
electrodes incubated with 100% candidate molecule were uoi hear cycled mtri-efbylene 
glycol-tcnninatcd thiol. Several electrodes were assembled in the same cell growth flask 

20 and media coriteimng HUVEC cells was added. The electrodes and cells were incubated 
in a C0 2 incubator for 24 hours. Surfuces were visually analyzed using 100X 
magnification. Tabic 1 lists surface modification and subsequent cell adhesion/growth 
characteristics. Surfaces showed low non-specific binding. Once cella bound, however, 
cell growth was good. Cells can easily be immobilized on a SAM by presenting a metal 

25 chelate coordinating a metal via the SAM, linking a protein to the SAM via a metal 
binding tag on the protein, the protein attracting the celL Photographs were taken to 
document results (not shown). Cells were incubated with colloids (as described abovo) 
that displayed ferrocene moieties and it peptide, HHHHHrT(5jGi) 3 GRCIDSGRGI)S l that 
was spedfic lor the aVj83 icccptor on the cell surface; or as a negative control, an 

30 irrelevant peptide, HHHHHH-Giutathionc S -Transferase (GST). Figure 1 8 shows that 
cells grown on a 100% cthynylphenyl thiol (MF1) SAM-coated electrode produced 
current peaks only if incubated with colloids bearing thclignnd specific forlbe orV733 
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reccptor (Figure L8, solid line) and not when incubated with colloids derivatized with an 
irrelevant peptide GST (Figure 1 8, dotted tine). 

Figure 19 shows dcctrochemical senna of electrodes tterivatizedwith 25% 2- 
mcrcaptocthylBthcr in a badeground of insulating tri-cthylcnc glycol tcnuinated thiols. 
5 CcMs dcri vaUzed wi th colloids presenting the RGD sequence peptide produced a small 
peak (Figure 19, solid line), while the cells incubated with colloids presenting the GST 
peptide did not (Figure 39, dotted line). 
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TASLE I 



SURFACE MODIFICATION 


CELL 
ADHESION 
within i/2 hour 


CELL 
GROWTH 
within 14 hours 


100% methyi-teirainated SAM 


NO 


NO 


100% memyL-terrainmed SAM, incubated 
with. irrelevant proteins 


NO 


NO 


100% methyl-teem inalcd SAM, incubated 
with collagen . 


NO 


YES 


10% methyl terminated thiol la a 
background of molecular wire thiols, with 
or without tri-etbylene glycoUtnnbjated 
thiols then coated with collages 


NO 


YES 


100% tri-cthylcne glycol-torminntcd SAM 


NO 


YES 


100% IlS-2-unU molecular wire 


NO 


YES 


100% 2-me reaptobenzothi dzol c 


NO 


YES 


100% i^-bcnzcncdimcthcrtcthiol 


NO 


YES 


100% Benzene ethane thiol 


NO 


YES 


100% 2-raercaploctliyl ether 


NO 


YES 


NTA-Ni<n) in a background of tri-etbylene 
glyccJ-ienninared thiol with or without 
ferrocene thiols mixed in- unbound by a 
Hia-tagged peptide 


NO 


YES 


NTA-Ni(U) in a background of tri-ethylene 
glycol-tetrninntcd thiol with or without 
ferrocene thiols mixed in - bound by an 
irrelevant His-lagged peptide 


NO 


NO 


NTA-Ni(II) iu a background of tri-ctlrylene 
glycol-tenninaied thiol, with or without 
ferrocene thiols mixed in - bound by tt cell 
specific His-tagged peptide 


YES 


YES 



SUBSTITUTE SHEET (RULE 26) 
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ficamplo 4: Decoration of polymeric bead with colloid particjes via Glulaihionc-S- 
TTansforaso / Glutathione binding 

Sec Figures 20 and 21 . The example below demousu-arcs how colloids 
presenting a target protein agglomerate onto aiion-colloitlal particle tot presents a small 

5 molecule, drug candidate, peptide, protein, nucleic acid, or combinations thereof that is 
or arc a binding partner of the target protein. Many co m bi na torial drug libraries arc 
synthesized on non-colloidui particles or beads and can be mixed with colloidal particles 
that display a medically relevant target species. One can readily identify the bead that 
displays (he diug that is a binding partner tor the target species, as (ho colloidal particles 

10 agglomerate 

onto that bead and color U red. 

A target protein, Glutathionc-S-Transfcrasc (GST) was nislidine-tagged and 
immobilized on S AM-coatcd colloids !hal presented >JTA-Ni (histamine tags bind NTA- 
Ni), 30id of colloids presenting 40uM NTA-Ni on the surface were added to 55ul of 

15 21 .SuM GST, to give a final concentration of 1 4uM GST in Golution, Glutathione, a 
• small molecule that binds GST, is commercially available bound to agarose beads 
through Stgma-AIdrieh. Glutathione-coated beads were incubated with the solution of 
GST-hound colloids. Within minutes, the GST bound to the glutathione heads, bringing 
the colored colloids out of solution, and decorating the beads red (Figure 20). Beads 

20 displaying a small molecule thul docs not bind to GST remained colorless when 

Incubated with the GST-bound colloids (Figure 21). A second negative control, in which 
"lutathionc-couted beads were incubated with 30ul"HTA-Ni colloids in the absence of 
GST showed that NTA-Mi-colloida do not bind nonapcei Really to the bead surfaces or to 
the glutathione. 

25 Example 5: Demonstration of Control of SAM permeability to electrons 

This example demonstrates the ability to form a SAM including enhanced 
electronic communication. The SAM Is formed on a surface that includes a mixture of a 
first, tight-packing species and a second species of different molecular structure that 
enhances the permeability ofthe SAM to electronic co mm uni cation. A defect, or 

30 opening, ia fbnn cd in the SAM all owing fluid to which the surface is exposed to 

communicate electrically with the surface. Specifically, certain small sulfur containing 
compounds Imving disruptive structures relative to the SAM as a wholo were stably 



(108) 



JP 2004-512497 A 2004.4.22 



W<J 0 2AJ123W PCT/USW 
-49- 

incnrporated inlD a SAM, and greater permeability to electrons was demonstrated. This 
example demonstrates that a surface can be made electrically relatively conductive, and 
then support cell growth. 

A water-soluble ferrocene derivative was dissolved in the electrolyte solution: 

5 lOOinM solution of fctroccncdicarboxyiic acid in 5O0uM NaC10 4 . The working 
electrode was a gold-coaled electrode derivatized with a SAM comprised of varying 
amounts of 2-unit molecular wiic (MFI). The height of 1lic peak at a charactcriBlic 
ferrocene potentiat was plotted as a function of molecular wire density. As a negative 
control, a gold-coated electrode was derivatized with an insulating SAM comprised of 

to I D0% iri-eihylenc glycol terminated thiol. Figure 22 shows that the "conductivity" of 
the SAM or the ability of electrons in solution to penetrate the SAM is a function of the 
density of 2-unit molecular wire integrated into 1he SAM. This system woe used to tost 
the conductivity of electrodes modified with a panel of sulfur-conlwnurg compounds. 
The compounds were dissolved to DM? at 50% candidate compound and 50% tri- 

15 ethylene glycol tcrannutcd thiol. Electrodes were derivattzed as described in Example 1* 
Table 2 lists the candidate compounds and the height of the current peak produced when 
anulyzcd by ACV. Figure 22 shows two experimental results of tests of conductivity of 
a monolayer as a function of monolayer disruption by poly (cthynylpbejiyl thiol). 
SAMs were formed, on gold chips from 500 mfcroruolar trietbylerto glycol- 

20 laminated thiol and 500 micromolar of cither mcrcaptobcnzothiazole or 2-mercaptnethy! 
ether in DMF. The chips were clamped between a fiat substrate and a I ml capacity 
silicon gasket, A solution of ferrocene dicarboxyllic acid was dissolved in 500 micro 
molar NaC104 and placed in tho silicon gasket with a Ag/AgCl reference electrode and a 
Ft auxiliary electrode. The gold chip was connected as the working electrode. The 

25 system was unalyzed by ACV. The magnitude of the current peaks, resulting from tho 
ferrocene in solution corrununicaung -with the electrode, was an indicator of the ability of 
the trial compounds to make (he SAM more permeable to electron flow by creating 
defects within the SAM. Figure 23 is an overlay of a SAM comprised solely of the 
insulating species tri-ethylenc glycol-tcrminated (CH2)1 T-SH (+-H- line) and the 

30 reportedly more conducting poly-ethynylphenyl thiol species (MF1) (solid 1 ino). Tho 
conducting poly-cthynylphenyl thiol species is expected to by more conductive, as an 
identical molecule but with two additional repeat units is reported to be conductive 
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(Scicnce 1997 Buram ct al). As predicted, the aJicyt thiol SAM docs not produce a 
current peak in a ferrocene dicaraxyllic acid solution, but a SAM comprised of 50% 
poly^thynylphcnyl thiol docg. Figure 24 shows the plots of Figure 23 (dots nreTEG- 
tcrminalcd thiol, stars arc iJoly-cUiyrtylpbenyl Urioi), against Uic more conducting SAMs 

5 including 2-m eTcaploethyl ether (solid line) und merxaplobcnxothiuzole (*H+ line), 
showing that the current peak from thepoly-ethynylpheayl SAM is orders of magnitude 
smaller than those generated by SAMs comprised of 50% 2-raercaptoemyl ether or a 
SAM comprised of 50% mercaptobenzothia7i?lc ( which is consistent with the idea that 
SAMs can be made permeable to electron flow by either incorporating conductive 

to species into the SAM or by inserting "defect" or "opener" molecules into (he SAM. 
TABLE 2. Electrodes were dnrivahzed with the following compounds in a background 
of ftvcthylcnc gjycol-terminated thiol. Electrode preparation was performed as 
described in Example L The "conductivity" or permeability of the surfaces was assayed 
by measuring the magnitude of die current peak produced by the oxidation/reduction of 

} 5 ferrocene dicarboxyllic acid in the electrolyte solution (0.5 M NaC104). The ability of 
each compound to resist non-specific bimiing was assayed by dipping each surface in 
BSA (bovine centm albumin) prior to measurement. Noa-specifically adsorbed proteins 
would occlude the conduction of electrons through the monolayer to the electrode. 



COMPOUND 


50% coverage 
Peak height in 
:Amps 


25% coverage 
Peak height in 
:Amps 


25% coverage 
Peak height is 
: Amps after 
blocking with 
BSA 


Supports cell 
growth on 

100% 
coverage or 
fractions 
thereof 


HS(CHa)nTri- 
cthylenc glycol 
J 00% coverage - 
negative control 


0 


ND 


ND 


YES • 


HS-2-unit 
molecular wire 
Positive control 


0.415 


ND 


0.15 at 50% 
coverage 


YES 


2- 

raercaptopyridme 


14.70 


ND 


ND 


ND 


2- 

' mexcaptohcrucolhia 
zoic 


44.00 


0.28 


0.29 


YES 


Dithiothrcitol 


41,00 


ND 


ND 


ND 


1,2-benzencdithial 


40.00 


ND 


ND 


ND 


1,2- 

benzeuedirnetbaaet 
Kol 


34.90 


28.00 


4.02 


YES 


Beix^ucdhanethio 


31.50 


0.51 


0.08 


YES 
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1 








2-iiKarcaptOdiiyl 
ether 


39.30 


57.70 19.0 


YES 



fixamp fc 6:.p ? ( ^tipp ofFiotein-prptcin interactions 

This example demonstrates the utility of a colloid particle having an immobilized 
signaling entity and an immobilized protein. (See Figure 27.) 

5 Histidinc-iagged Ghuamione-S-Transferase (OST-His) was attached lo NTA- 

SAM-coatcd colloids, displaying 40uM NTA-Ni and lOOuM fcxrocene-thioL 
Commercially available magnetic beads presenting 17101011 A were coated at 1/10 
binding capacity with anti-GST antibody, added at n i:5 ratio to the GST-colloids, and 
measured on a 50% MF-1 S AM-coatcd electrode, which was placed on top of a magnet. 

10 Tbe magnet palled the magnetic beads onto ibe electrode surface to form a thick, visible 
precipitate. The GST-colloids were bronght down Lo the electrode surface by the 
interaction with the GST-antibody on the magnetic beads to give a current peak at 
approximately Z80mV, Two negative controls were nm. one where GST wns not 
attached to the colloid surface, and another where the GST antibody was not attached to 

IS the magnetic beads. Neither negative control gave a current peak. Figure 25 plots the 
results of ibis demonstration. Solid line represents interaction between GST-His- 
presenting colloids and anti-GST/Ab on magnetic beads. Open circles represent 
magnetic beads presenting tbe antibody incubated wftb colloids Ibat did not present GST. 
Closed circles represent beads not presenting tbe antibody, incubated with colloids that 

20 presented GST. 

Example 7: Cell Detection 

This example demonstrates both tbe advantage of forming a SAM on a surface 
that includes a mixture including a molecular species that enliances electronic 
conimunication across the SAM by forming a defect in the SAM ulbwingfEuid to which 

25 the surface is exposed to communicate electrically with mo surface, and the utility of 
attachment of a colloid carrying immobilized signaling entity to a protein. The protein is 
in turn immobilized at a cell attached to the surface of an electrode presenting the SAM. 
The defect in this case is caused by bulk of the aSAM-mcorporated molecule including 
phenyl rings, 
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HUVBC cells were suspeuded in media and placed in a flask over a SAM coated 
on a gold surface. The SAM included 50% straigbt chain thiols, and 50% of Ihe 2-unil 
poly (ethynyrphenyl) thiol (MFL). 5ul of an 8,4raM RGD-His peptide solution was 
added to the media, and cells were incubated at 37C overnight to adhere to the electrode 
5 surfaces. A fier approxi mately 1 6 hours, 1 OOul of S AM-coafed colloids, disp] aying NTA 
for capturing the RGD-His peptide and ferrocene for signaling, were added to the cells 
and incubated for 20 in in at room temperature. The electrodes were tircn rinsed in buffer 
to -wash off any unbound colloids and measured. Current peaks were recorded at 220- 
250mV. Negative controls were cells incubated wilhHis-GST, an uxclcvuntprotcimhat 

10 should not bind to cells. Colloids were ndded to negative controls, electrodes were 
rinsed ill buffer, and nvcasorcmcnts were falcon. No peaks were observed for negative 
controls. Figure 26 shows a peak (solid line) goncrated when colloid presenting 
ferrocene signaling entity and his-tagged ligund to a cell surface receptor is brought to an 
electrode surface by ceil/surface inlwaclion. Diamond represent negative control where 

1.S colloids displayed an irrelevant protein selected not to bind to the cell surface receptor. 
Example B: Detecting Liganrf-Receptor Interactions for Unmodified I-iqands 

This example demonstrates the ability to determine protein/ligand interaction m 
the absence of SPR wiihout labeling cither the protein or the ligand. Specifically, 
exposing a ligand to a protein suspected of interacting wiUi the ligand where the ligand is 

20 in fixed proximal relationship with an electro active entity, namely ferrocene, whose 
elcctroaotivo signal is dependant upon proximity to the protein, by forming a SAM 
including the ligaud and ferrocene on the surface of an electrode. 

We huve found that the characteristic oxidation potential of a ferrocene derivative 
can be shifted based on the chemical nature of the forocene derivative's local 

25 environment As proteins arc brought into clocc proximity to the ferrocene derivative, a 
second current peak at an. altered potential appears. The magnitude of this altered peak is 
proportional to the density of protein in the system. 

A panel of gold-coated electrodes were derivatized with heterologous SAMs that 
comprised a constant density of conductive molecular wire- thiol and variable density of 

30 mdbyl-tcnxunatcd thiol in a background of tri-cthylcne glyool-tomiinntcd thiol. It had 
previously been shown that: 1) Iri-ethylene glycot-terminalod SAMs resist the non- 
specific adsorption of proteins; and 2) methyl-terra mated SAMs bind proteins, 
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spoclfiailiy collagen. We therefore assumed that if the electrodes ore incubated with 
collagen in solution, the density of collagen, that non-specifically adsorbs, will increase 
as the density of methyl-terminated thiol increased. SAMs that contained 2%, 4%, 1 0% 
and 1.5% methyl-tcrmiuated thiol were formed ou gold-coated electrodes. Halfthe 

.•> electrodes -were incubaled for 2 hours at 4 D C with 0. 005 nig/ml collagen in PBS while 
the other half wac incubaled with PBS alone. The electrodes were analyzed by 
alternating current voltarrunetry (ACV) with a water soluble ferrocene derivative, 
fcrroccncdicarboxylic acid, dissolved in the elccfiolyte solution (0.5 M "NaC104). The 
alternating oxidation/reduction of the ferrocene at a characteristic potential produces a 

30 current peak. Hie magnitude of this current peak and potential at which it occurred were 
recorded. At low density meuiyi-terminated thiol, a current peak was produced at about 
450 mVoHs; its magnitude and position appeared to be unaffected by the presence of the 
protein, collagen. AtrngUexdomtyniethyl-terrnhratedihiol, 10% and over, asecoud 
current peak is produced at about 300 mVolts. but only in the presence of the protein 

15 collagen. Figure 28 shows high-density methyl term bated thiol electrodes in the 

presence of ferrocene dicarboxyltc neid. Solid line represents electrodes with collagen 
bound to Hie methyl thiols. The hydrophobic environment caused by the collagen on the 
surface of the electrode causes the oxidation potential of the ferrocene to shift, and two 
peaTcp are seen. Solid circles represents high-density methyl terminated thiol electrodes 

20 that arc not bound to collagen and thus do not affect the oxidation of the ferrocene. 

This strategy can be used to detect 1he presence of unmodified proteins, peptides, 
cells as follow: a mixed SAM is formed from ferrocene dicarboxyllic acid attached to 
an. alfcyl thiol, a thiol designed to make the SAM permeable to clectroa flow and a thiol 
terminated in a binding partner for a target species (the binding partner can also be 

25 hisridine-tagged and attached to die electrode by binding to an NTA-Ni moiety in the 
SAM). If the turget species is present in die sample solution, then it binds to its binding 
partner that is presented on the SAM. The presence of die protein near the SAM surface 
changes the chemical environment around the ferrocene dicarboxyllic acid and erases its 
oxidation potential to shift to a lower potential. A shift in the characteristic oxidation 

30 potential of the immobilized rcdox-acrive metal indicates the presence of the target 
species. 



(113) 



JP 2004-512497 A 2004.4.22 



WO 0ZAU2ZH l»CT/U.SWl/2ia«K 

-54- 

Whea these experiments were performed with ferrocene derivatives that did Dot 
have polar substilueats on the ring, no effect was observed. Therefore, for this strategy 
to -work, it is essential that the mimobilized rcdox-active metal is in a polar environment 
and that the immobilized binding partner (connected to the SAM via a thiol) is as small 
5 as possible. 

example 9: 5LISA 

A fexhniquc familiar to those skilled in molecular or cellular biology is Enzyme- 
linked Immunosorbent Assays (ELISA) (Current Protocols in Molecular Biohgy, 
Volume X Immunology 1 1.2, 1996, copyright ftom John Wiley and Sons Inc. 1994- 

10 1998>. A major problem wHb ELlSAs is sensitivity. Enzyme signaling occurs at a 1:1 
ratio; one antibody-coupled enzymo signals the presence of one antigen. Therefore, 
microgram quantities of antigen are necessary for an effective ELISA, which is not 
plausible in all cases. This renders ELlSAs ineffective for detection of antigens on a cell 
surface that are expressed or presented at low levels. Another problem with ELlSAs ia 

15 that at low antigen concentrations, the assay is very time-consuming. The amount of 
enzyme hydrolysis is directly proportional to the time of hydrolysis. Normally when 
one performs an ELISA, a target species is directly or indirectly attached to a plastic 
substrate. The presence of the immobiJizcd species is men detected by binding to it a 
"'secondary" aotibody that also has a signaliug capability; the secondary antibody is 

20 usually conjugated (o an enzyme, typically horsevad tsh peroxidase (BRPO), alkaline 
phosphatase (AF), or a fluorescent tag which is capable of performing n reaction on an 
added substrate tltat results in a color change (detected by a spcctrophotDrocter), or a 
fluorescence labeling Jag that can be detected by a fluorimeter (see, far e.g., 
"Localization of a passively transferred human recombinant monoclonal antibody to 

25 herpes simplex virus glycoprotein P to infected nerve fibers and sensory neurons in. 
vtvo", Sanna HP, Deerinck TJ, andEUisman MH.,,1999, Journal of Virology OcL Vol 73 
{10 8817-23)). Most often, for convenience, so that every antibody does not need to be 
conjugated to an enzyme, n mouse antibody is used as the specific recognition antibody, 
then nn enzyme-conjugated rabbit-anti-mouse antibody is added. 

30 Using ths technology described harem, one enn greatly increase the sensitivity of 

EOS As and detect the presence of the bimobilized Uirgct species using a natural ligand 
(protein or peptide) or a drug candidate as the probe molecule. The presence of the 
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unrnobilized species is detected by binding to it a iigwd attadied to a colloid that also 
presents a plurality of horseradish peroxidase (HRPO) or alkaline phosphatase (AP). 
The enzyme con be conveniently linked to the colloid by a variety of means, including a 
lustidinc-tug attached directly to the cmiytoe t or by binding a mouse-anti-goat enzyme- 

5 conjugated antibody to a goat antibody that is attached to the colloid via a histidine- 
tagged protein G (Akerstom, B., Nielson, E., Bjorck. L. Journal of Biological Chenustry, 
1987 Oct. 5 Vol. 262 (28); pgs. 13388-91 and Pohnestock, SJl., Alexander, P., Nagle, J. 
and Filpula, X>. (1 986) Journal of Bacteriology Vol. 1 67, 870-B80). By binding a ligand 
OT-iramobiliztJd on a colloid with a plurality of enzymes, to the target apeciefi inplaa: of 

to a secondary antibody, the ratio of signaling molecules to binding events is increased by 
orders of magnitude. The binding of one aoubody or ligand on the colloid to a presented 
antigen on an EUSA plate indirectly results in the binding of thousands or millions of 
enzymes. Alternatively, a known species can purposely be attached to wells of a 96-well 
plate so that one can probe with colloids that each present a separate drug candidate 

15 along with the signaling enzymes. Curready, it is not possible to do this with exiclLng 
EUSA technology each drug candidate cannot be conjugated to an enzyme. 
Alternatively, the natural ligand for the immobiUzcd target can be presented Dn the 
colloid along with the signaling enzymes and drug candidates added to each well oFthc 
plalc to disrupt the interaction. Unbound colloids aid thuB their signal arc lost in a wash 

20 step. The target for the antibody- or ligund-prcscnting colloids can be a cell or a protein 
bound directly or mdircctly (via uootber antibody or ligand) to an EDS A plate. The 
advantage to this modification of an ELISA is not only sensitivity, but also efficiency. 
Because Bcveral hundred signaling enzymes remain bound via the colloids to one 
antigen, substrate hydrolysis will occur more quickly, and less time will be needed for an 

25 adequate Trading, 

Example 10: Visual Detection of colloid-immobilised ligand jnteractj oii wjjh cell 
surface receptors and disruption thereof 

TJuk example was carried out in a manner as described in Example 3 with the 
following exceptions. Cells were grown on a raulii-wcU plnle, Following interaction, 

30 visual inspection showed decoration of the cells with colloids selectively at locations on 
the cell where the receptor was expressed. Rcfening to Fig. 29A, a control is shown in 
which no binding occurred. A random sequence peptide was used. Fig. 29B shows 
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decorntion of wile with colloids selectively at locations on the cells where protein was 
expressed. 

Example It: Detection of binding inleracu'on between binding partne rs, one bound non- 
speci Realty to a solid support, the other to a colloid 

5 A protein, specifically strcptavidin (P/omega) was non-specifically attached to a 

solid support EpeciGcally Q-sepharosc beads, Its binding partner, biotin, was covalently 
attached to a thiol incorporated into a self-assembled monolayer on colloid particles. 
Exposure of the colloid particles to the beads resulted in immobilization, via binding 
between the biotin and the streptavidin, coloring the beads red- Kg. 30A is a photocopy 

to of a oomputa-digitized microscope image of beads decorated (red, originally) by the 
binding interaction. Fig. 30B (control), shows a similar image of beads that were not 
decorated: similar beads (streptavidm-bound) exposed to colloids presented an irrelevant 
protein. 

This example also, importantly, describes a sclf-asscmbfcd monolayer comprising 
15 biotiu on a colloid particle. Biotin SAMs were formed on colloids as follows. A 
solution in BMP was made including 580 mScromolar COOH terminated thiol and 20 
micromolar biotin-termtnated thiol. Thiols were CI I. Colloid preparation was carried 
out as described above, in which the described DMF solution of 20 micramolcr biotin 
and 580 micromolar COOH thiols were incubated wUh the colloids. Other steps were us 
20 above. 

Example 12; ELISA with multiple signaling of a sjflgjc binding event 

This example was run similarly to typical ELISA assays with the following 
exceptions/details: deteargenls and surfactants were omitted finra wash Bteps. GST was 
immobilized" onto arnuUi-well plate. Mouse anil-GST antibody was added to the wells 

25 and bound to GST. After a typical wash step, in one set of wells (exparrmenral) colloids 
presenting histidine-tagged Protein G were added and bound to anti-GST. A second set 
of wells (control) was not exposed to the Protein G-immobilized colloids. Followiog 
another typical wash step, all wells were exposed to horse radish pcroxidasc-Unkcd goal 
anti-mouse antibody. All were then exposed to typical horse radish peroxidase substrate 

30 and sulphuric acid. The reaction was allowed to dovclop in the normal manner. Plates 
were analyzed in a multi-well spectiephotometer reader. 
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The result of this example shows six orders of magnitude greater signaling in the 
experimental wolls compared to the control wells, as horse radish peroxidase linked to 
multiple G locations on colloid particles. Fig. 31 is a bar graph showing this six older of 
magnitude increase. Thia example shows signaling of a single binding of a first 
5 biological or chemical agent to a second biological or chemical agent with a plurality of 
signaling entities. The signaling of the plurality of entities occurs simultaneously as they 
bind to the colloid particle. 

Example 13: Attachment of Unmodified Chemic») or Qioloracal Molecu les lo Self- 
Assembled Monolayers Presented on Surfaces of Colloids. Specifically. Attachment of 

10 Srrenravidin lo Colloids 

This example provides a teoliniquo for the attachment of essentially any amine- 
containing entity to a surface able to present a carboxylic acid or salt thereof: The 
technique can be used to attach the entity lo a colloid, via attachment lo a self-assembled 
monolayer fanned on a surface of a colloid. The molecule that 13 attached to the sclf- 

15 assembled monolayer need not include any particular chemical functionality, such ss an 
aflmity tag or die like, prior to attachment The only requirement is thai die molecule 
include nt least one primary amine, such as arc found in many amino acida. 
Accordingly, the technique is particularly well-suited ibr the covalcnt attachment of 
proteins or peptides that carry primary ammo groups to colloids that present carboxylic 

20 acids at their surfaces. 

Techniques for formation of self-assembled monolayers on colloids are described 
above, These techniques were followed, with the following specific details and 
provisions. 

A protein was attached by forming an amide bond between a carboxylate on a 
25 colloid surface (attached via n SAM) and an amine residue of the peptide. The amide 
bond was formed by the application of a modified EDC/NHS coupling protocol The 
success of the coupling was tested by mixing colloids presenting strcptavidui with 
colloids presenting hiotin groups (via a biotin SAM, described previously), if the 
struptavidin was succcBsfiiUy attached then the two types of colloids would aggregate 
30 and the suspension would change color and, uluraalcly, the colloids would precipitate 
out leaving a clear solution. 
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The colloids used for the coupling procedure were prepared as described 
elsewhere md were formed by incubation in a thiol solution contoirring 540uM 
(mtcromolar) COOH-tarminated thiol, eOiiMOTA-iernuruited Uiiol, and then lieat 
cycling in 400uM ethylene glycot-tcnninated thiol, 50«1 of coDoids in PBS -were treated 

5 with 50u3 of lOmM EDC, 40niM NHS hi water. After 7 min the colloids wcro spun 

down, the liquid was removed, and the colloids were resuBpeudod in SOOul (microliter) of 
O.limj/ml slrcptavidm in phosphate buffer, pH 6.4. After 1.5 b, unrcactcd sites on (he 
colloids were blocked by adding etbanolamine and the colloids were spun down, then 
resuspended in 100 microL of pH 6\4 phosphate buffer lo wash away excess, uncoupled 

to srrcplavidin. Colloids were then spun down again and resuspended in 50ul PBS. 
To a mixture of 20 microL of phosphate buffer and 1 5ul of biob'n-prcsairing colloids 
was added 15ut of streptavidfo-prescnting colloids prepared above, ThJ3 suspension was 
compared to a mixluic of 35ul of phosphate buffer und 15ul ofbiotin-presenting colloids. 
The addition of strcptavidin-preaenting colloids cnused an immcdialc change in color 

15 from red to blue. After -10 min the mixture of hiotin colloids and streptavidin colloids 
appeared clear with precipitate on the bottom. The mixture that did not contain the 
biolin colloids remained red with no visible change. 

The above-described protocol is applicable to attachment of essentially any 
chemical or biological molecule including an amine to a self-assembled monolayer on a 

20 colloid. To ensure binding of a molecule to only one colloid, rather than binding to 
multiple colloids which could result in aggregation, the following adjustments can be 
made if appropriate. The concentration of coHoid in solution can be decreased, wliile 
mamtairting conccrrtration of molecule desirably attached and maintaining concentratinn 
of EDC/NHS reactant. Other alight modifications can be made by those of ordinary skill 

25 in the art for various molecules. Annoc-containing molecules cart be selected by those of 
ordinary slall in the art and include, without limitation, protetos. synthetic molecules, 
(icptidfls, dervafized miclic acids, and other dervatized or rarurally-oceurring biological 
molecules tbat contain amines. As would be appreciated by Giose of ordinary skill in the 
art, a wide variety of species can be syntheziscd with or attached to amines or ainine- 

30 containing species to render them attachable to a colloid according to this embodiment of 
the invention. 
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Those skilled in the art would readily appreciate that all parameters listed herein 
arc meant to be exemplary and that actual parameter* will depend upon the spectre 
application for which the methods and apparatus of the present invention are used, tt is, 
therefore, to be understood thai the foregoing embodiments are presented by way of 
5 example only and thai, witfiin the scope of the appended claims and equivalents thereto, 
the invention may be practiced otherwise titan as specifically described. 



What is claimed is: 
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1. A method comprising: 

allowing a colloid particle the ability to become immobilized wiib respect lo a 
non-colloidal structure; and 
5 determining immobilization of the colloid particle relative to tho non-eolloidal 

structure. 

2. A tnclhod as in claim 1, wherein the colloid particle comprises an auxiliary 
signaling entity. 

10 

3. A method as claim 2, wherein the auxiliary signaling entity comprises a dye, 
pigment, clcctroactivc molecule, dicmiltnniocsccnc moicty t dccrmdiatu'roiruncsccnt 
raoiely, fluorescent moiety, up-rcgukling phoBphor, or tmzymc-linkcd signaling moiety 
including horse radish peroxidase und alkaline pliosphutasc. 

is 

4. A mclliod us in claim 3, wherein the Btgnaling entity comprises a melaltocene. 

5. A method as in claim 4. wherein the signaling entity comprises ferrocene or a 
ferrocene derivative. 

6. A method as claim I , comprising allowing n plurality of colloid particles to fasten 
to the non-coUoidp! structure, and dclamhiag fastening of the plurality of particles to 
trmnoa-colfoidul structure. 

23 7. A method as in claim G, wherein the plurality of colloid particles comprises 
auxiliary signaling entities, 

8. A method as in claim 7, wherein the auxiliary signaling entities comprise a dye, 
pigment, electroactive molecule, chemiluminescent moiety, clcctrocljeiailurointfscent 
30 moiety, fluorescent moiety, up-rcgulating phosphor, or cnzymc-linltcd signaling moiety 
including horse radish peroxidase and alkaline phosphatase. 
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9. A. method as in claim 1, farther comprising providing a biological or chemical 
agent linked to or adapted for linkage lo the non-colloidal structure, and a binding 
partner of the biotogicaior chemical agent linked to or adapted for linkage to the particle, 
the allowing step comprising allowing the particle to become linked to the non-colloidal 

5 structure via tlic agent and the binding partner. 

10. A method as in claim 1 , whrrcio the non-colloidal structure is a bead. 

U. A method as to claim 10, wherein the bead comprises polymeric material, 
1 0 agarose, tcntagel, and'or magnetic material. 

12. A method as in claim 1 1 , wherein the bead is a polystyrene bead. 

13. A method as in claim 9, comprising allowing the agent lo he linked to the non- 
15 colloidal Btructore, the binding partner to he linked to the particle, and tho agent and the 

bindiog partner to hind to each other. 

1 4. A method at: in claim 13, comprising allowing the agent and the binding partner 
to biologically bind to each other. 

20 

15. A method as in claim 9, wherein the biological or chemical agent is a drug 
candidate, and the binding partner is a target of the drug candidate. 

1 6. A method as in claim 1 5, wherein the non-colloidal structure is a bead. 

25 

17. A method as in claim 15, wherciu the non-colloidal structure ia a surface of an 
essentially planar substrate or chip. 

18. A method as in claim 9, wherein the biological or chemical agent is a nucleic acid 
30 sequence. 
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19. A method as m claim 9, wherein, the biological or chemical agent is a peptide, 
and (he binding partner is a binding partner of the peptide. 

20. A method as k cl aim 9, wliereia the biological or chemical agent, is a protein, and 
5 the binding partner is a binding partner of the protein. 

21. A method as in claim l r wherein the colloid particle carries an immobiliz-ed 
Jigand, and the non-colloidal structure carries a binding partner to the Kgand, the method 
comprising allowing She colloidal particle Ibe ability lo fasten to the non-colloidal 

to structure in the presence of a candidate drug for inteuruptioa of binding of !he lignnd to 
'the target 

22. A method as in claim 1, wherein the non-colloidul structure \s a head, further 
comprising providing a pltrraljiy of beads, u plurality of biological or chemical agents 

ts adapted for linkage to the beads, a plurality of particles, and a plurality of binding 
partners of die biological or chemical agents adapted for linkage to the particles, wherein 
at least some of the agents and the binding partners are suspected of having the ability to 
bind lo each other, the method comprising exposing at least some of the beads to at least 
some of the particles, and detwininuig iramobilinaUon of the particles on the beads. 

20 

23. A method as in claim 22, wherein the biological or chemical agents arc drug 
candidates and the binding partners are targets of the drug candidates, Uic method 
comprising providing at least a first anil a second brad in two separate locations, each 
carrying a different immobilized drug candidate, exposing the plurality of particles lo the 

25 at least two beads, and differentiating linkage of the particles to the first bead versus the 
second bead. 

24. A method as in. claim 23, wherein the at least two beads are separately located in 
at least two different wells of a multi-well plate. 

30 

25. A method as in claim 22, wherein the biological or chemical agents uic drug 
candidates and tile binding partners arc targets of the drug candidates, the method 
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compricmg providing at least two beads carrying a drug candidate in two separate 
locations, exposing the first bead to a first set of colloid particles carrying a first target of 
the drug candidate, and exposing the second bead to a second set of colloid particles 
carrying a second target of the drug candidate, and differentiating li nkagc of the Gret set 
5 of particles to the first head versus the second set of particles to the second bead. 

26 . A method as in claim 9, comprising detenrnrong immobi Bzation of the particle on 
the non-colloidal structure by dctctmirring a change m spectrum of absorbed or 
transmitted electromagnetic radiation interacting with the particle. 

10 

21. A method as in olaim 9, comprising determining immobilization of the particles 
on the non-colloidal structure by visual inspection. 

28. A method as in clm'm 22. comprising providing a plurality of tbe beads and 
15 agents linked to the beads, a plurality of the particles and binding partners linkod to the 
particles, imd exposing the particles to the beads and deterrninmg immobilization of the 
•particles on the beads. 

2% A method as in claim 9, wherein at least one of the agent or bmding partner ib 
20 adapted Tor iinkago to the non-colloidal structure or particle, respectively, via an affinity 
tagTbinding partner linkage. 

30, A method as in claim 9, wherein at least one of the agent or binding partner is 
adapted for linkage to the non-colloidal structure or particle, respectively, via Q rnotal 

25 binding tug/mctal/chelate linkage. 

31. A method as in claim 30, wherein at leatt one of the agent or binding partner 
carries immobilized thereto a chelate coordinating a metal, and at least one of the agent 
or binding partner is derivalized with a polyarouw acid tag. 



30 
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32. A method as in claim 9, wherein at least one of the agent or binding partner ifl 
adapted for linkage to the non-colloidal structure or particle, respectively, viti a self- 
assembled monolayer. 

5 33, A method as in claim 9, wherein at least one of the agent or binding partner is 
adapted for linkage to the bead or particle, respectively, via complementary nucleic acid 
sequence pairs. 

34. A method as in claim 9, wherein the binding partner is adapted for linkage to the 
10 particle via glutathione/gluuithionc-s-tranBfcrasc HgHiid interaction. . 

35. A method as in claim 9, comprising: 

providing at least a first and a second non-colloidal structure comprising 
polymeric beads and at least a first and a second agent linked to the first and second 
15 beads, respectively; 

providing a plurality of colloid particles each carrying immobilized thereto a 
suspected binding partner of the first and/or second agent; 
exposing the beads to the particles; and 

differentiating linkage of the particles to the firctbead v 5 . the second bead. 

20 

36. A method as in claim 35, wherein the first and second agemn linked to the first 
and second polymeric beads arc suspected of biological or chemical interaction with the 
binding partner, and The difTcrcntiaring step comprises differentiating biological 
interaction between the first agent and the binding partner vs. the second agent and the 

25 binding partner. 

37. A. method as in claim 9, comprising: 

providing a plurality of noa-colfoidal structures comprising beads each carryiug 
the agent irmnobilixcd thereto; 
30 providing a first set and a second set of colloid purticleo, the first set each 

carrying irnrnobilizcd thereto a first suspected binding partner of the agent and the 
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sccond set each, carrying immobilized thereto n second suspected binding partner of the 
agent; 

exposing at least a first of the beads to the first set of particles and at least a 
second of the beads to the second set of particles; 
5 differaitialing linkage of the first set of particles to the first bead vs. the second 

set of particles to the bead, 

38 . A method as in claim 37, wherein the first end second suspected binding partners 
an: suspected of biological or chemical interaction wilh the agent, and the diSercatiating 

to step comprises difmrenriating biologicol interaction between the agent and the first 
suspected rnnding partner vs. the agent and tho second suspected binding partner. 

39. A method as in claim 1, wherein the non-colloidal structure is a cell. 

15 40. A method sb in claim 39, further comprising prodding a Jigand for a Teccptor or 
protein at a surface of the cell, adapted for linkage to the particle, the allowing step 
comprising allowing the particle to be Indeed to the cell via the ligand interacting with 
the receptor or protein. 

20 41 . A method as in claim 39, wherein the ligand is adapted Tor linkage 1o the particle 
via a sclf-acaembled monolayer. 

42. A method as in claim 40, wherein the ligand is a peptide, protein, antibody, 
enzyme, or small molecule, 

25 

43. A method as m claim 40, wherein the ligand is adapted for linkage to the particle 
via an affinity tag/binding partner linkage. 

44. A method as m claim 40, wherein the ligand is adapted for linkage to the particle 
30 via a mcfal binding tag/rnetal/chelato linkage. 



(125) 



JP 2004-512497 A 2004. 4. 22 



WO 0 ZAI122H I'tT/UJWWMOH 

-66- 

45. A method as in claim 42, whercm the ligand carries a polyaraino acid tag and the 
particle carries an. immobilized dictate coordinating a nietal. 

46. A method as in claim 45, wherein the chelate is nitrilolriacctic acid. 

5 

47. A method as in cuum 45, wherein the particle carries a Bclf-asscmblcd monolayer 
including the nitrilotriacctic acid. 

48. A method as in claim 45, wherein the particle carries n self-assembled monolayer 
10 including the immobilized chelate . 

49. A raelhod as in claim 40, comprising exposing ibo ligand and the particle to tbu 
cell, allowing the ligand to link to the particle, and deUrnninirig fastening or the ligand to 
the receptor or pioicln. 

15 

50. A method a? in claim 39, composing determining irranohilization of the particle 
on the cell by determining a change in spectrum of absorbed or transmitted 
electromagnetic radiation interacting with (he particle. 

20 51 . A method as in claim 39, comprising determining immobilization of the particle 
on the cell electronically. 

52. A method as in claim 5 1 , comprising determining irrnnnhilization of tho partiolo 
on the cell via alternating current voltanunetry. 

25 

53. A method as Su claim 50, comprising dctmnimng immobilizalion of the particle 
on the coll by visual inspection. 

54. A method as in claim 39, comprising: 

30 providing a cell presenting a receptor or protein at a surface thereof, 

providing a colloid particle; and 

allowing the colloid particle to fasten to the receptor or protein. 
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55. A method as hi claim 54, whereto the colloid partiolc includes an auxiliary 
signultog entity. 

5 56. A method as in claim 1, wherein the non-colloidal structure is a cell exposiog a 
receptor or protein at a Burface thereof, further comprising providing a ligand for the 
receptor or protein adapted for linkage to the particle and exposing the ligand and the 
particle to the ceil in the presence of a candidate drug for disruption of interaction 
between the ligand and Ihe receptor 01 protein; end 

to determining fastening of the particle to the cell. 

57. A method aa in claim 56, wherein Iho detennining step involves determining 
inhibition of fastening of the particle to the cull indicative of effcctivcnces of the 
candidate drug in disrupt tog receptor or protein/target protein interaction. 

15 

58. A method as in claim 56, comprising providing at least a first and a second cell in 
separate locations, exposing the first cell to a ligand for a cell receptor or protein of the 
first cell and a colloid particle, the ligand adapted for linkage to the particle, and a first 
candidate drug for disruption of interaction between the ligand and the receptor or 

20 protein, and adding to the second cell the Ugand and the colloid and a second cundidnlc 
drug for disruption of interaction between the ligand and the receptor or protein, and 
cUfferenUating linkage of the particle to die Krai cell vctbus the second cell. 

59. A method as in claim t, wherein the non-colloidal structure is a ceJl exposing a 
25 receptor or protein at a surface thereof, further comprising: 

providing at least two of the cells in separate locations; 
exposing each of the cells to a different target protein to a cell receptor or protein 
and a colloid particle adapted for linkage lo the respective target protein; and 

determining fastening of the particles to the cells indicative of binding of the 
30 different target proteins to the coll receptor or proteins. 
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60. A method as in claim 9, wherein the non-colloidal structure is a magnetic bead 
and the colloid particle comprises an auxiliary signaling entity. 

61. A method as in claim 60, wherein the signaling entity is a rndallocene. 

5 

62. A method as in claim 60, wherein Hie signaling entity ib ferrocene or a ferrocene 
derivative. 

63. A method as in claim 60, comprising exposing tbe particle to the bead in the 
10 presence of the agent and the binding partner further in the presence of an enzyme 

having (he ability to cleave the agent or binding partner. 

64. A method as in claim 63, comprising first exposing the agent and the binding 
partner to the enzyme, men exposing the particle and the bead to the agent and the 

15 binding purtner. 

65. A method ae in claim 63, comprising exposing the particle to the head in the 
presence of 1hc agent, ihc binding partner, and the enzyme further in the presence of a 
candidate drug for moderation of activity of the enzyme. 

20 

66. A method as in claim 65, wherein the binding partner comprises a protein or 
peptide that can be cleaved by the enzyme, 

67. A method as in claim 66, whereto the protein is adapted for linkage to the colloid 
25 and to the bead. 

68. A method as in claim 67, wherein the protein includes a metal binding tag and 
biotin, one of the colloid or the bead includes a chelate coordinating a metal, and Uie 
other of the colloid or bead includes strcptavudin. 

30 
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69. A method as in claim 67, wherein the protein includes a melal binding tag and 
biotin, the colloid includes a chelate coordinating a metal, and the bead includes 
streptavadiru 



5 70. A method as in claim 60, wherein the signaling entity is o raetaiiocene and the 
binding partner comprises a protein that can be cleaved, by an enzyme, comprising 
exposing the particle to the bend in the presence of the agent, the binding partner, and the 
cn7,yme farther in the presence of a candidate drug for moderation of activity of the 
enzyme, magnetically drawing Ojc bend into proximity with an electrode, and 

to deunroming proximity of the mctnlloccne to the electrode by novating the electrode 
thereby determining effectiveness of the drug candidate in inhibiting cleavage activity of 
the enzyme. 



71. A method as In claim I, comprising exposing the colloid particle and the non- 
LS colloidal struchnrc to an entity adapted for linkage both to the colloid particle and to the 

non-colloidal structure in the presence both of an enzyme having the ability to cleave the 
entity and a candidate ding for moderation of activity of the enzyme. 

72. A method as in claim 71, wherein tlus non-colloidal structure is a magnetic bead 
20 and the colloid particle carries an iramobilized clcctroaetivc species, the method 

comprising magnetically drawing the bead into proximity with an electrode, and 
determining pratirnity of the electroaclive species to the electrode by activating Uie 
electrode Thereby detenmning effectiveness of tho drug candidate in inhibiting cleavage 
activity of the enzyme. 

25 

73. A method as in claim 71, wherein the non-colloidal structure is n surface of an 
electrode and the colloid particle carries an immobilized clcctroactive species, the 
method comprising exposing the electrode to the colloid particle, the entity adapted for 
linkage both to the colloid particle and lo the electrode, the enzyme, and the candidate 

30 drug and determining proximity of the electroaclive species to the electrode by activating 
the electrode thereby detmninfng effectiveness of the drug candidate in inhibiting 
cleavage activity of the enzyme. 
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colloidal structure to a substrate for an enzyme adapted for linkage to the non-colioidal 
structure, a molecular species linkable !o the substrate via enzyme activity adapted for 

5 linkago to tho particle, and an enzyme for U»e substrate. 

75. A Diethod as in cluim 74, further comprising exposing the colloid particle and the 
non-colloidal structure to a candidate drug foT moderation of activity of the enzyme. 

10 76. A method as in claim 74, wherein the non-colloidal structure is a magnetic bead 
and the colloid particle carries an inimobilized elcctroaotive entity, lira method 
comprising magnetically drawing the bead into proximity with an electrode, and 
drtormining proximity of tho clectraactrvc entity to the electrode by activating the 
electrode thereby determining effectiveness of the drug candidate iu moderating activity 

15 of the enzyme. 

77. A method as in claim 74, wherein the non-colloidal structure ia a surface of an 
electrode and the colloid particle carries an immobilized electroactive entity, the method 
comprising exposing the electrode surface to the colloid particle, the substrate, the 
20 enzyme, and the candidate drug and determining proximity of the electroactive entity tq 
the electrode by activating the electrode thereby determining crreciivencas of the drug 
candidate in moderating activity of the enzyme! 

7S. A method as in claim 74, wherein the oon-coSJoidal structure is a magnetic bead. 

25 

79. A method as in claim 78, wherein the colloid particle comprises an auxiliary 
signaling entity. 

80. A method as in claim 78, wherein the signaling entity is a metallocene. 

30 

81 . A meihod as in claim 80, wherein the signaling entity is ferrocene or a ferrocene 
derivative. 
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82. A method as in claim 78, comprtemg exposing lhe particle lo Che bead in Iho 
presence of ihc auhstratc and tlie binding partner further in the presence of a candidate 
drug for moderation of activity of die enzyme. 

5 

83. A merited as in claim 82, wherein the binding partner is adapted mr linkage to die 
particle via a metal binding tag/mclal/cbelatc linkage and the substrate is adapted for 
linkage to tho bead via biotin/strcptsvndin linkage. 

10 84, A melbod as in claim 82, wherein Ibe signaling entity is a mctaHoccnc, further 
comprising magnetically drawing the bead into proximity with an electrode, and 
determining proximity of the raclalloceae to the electrode by activating the electrode 
thereby determining effectiveness of the drug candidate in moderation of uclivity of the 
enzyme. 

15 

85. A method comprising: 

signaling a singles binding of u first biological or chemical agent lo a second 
biological or chemical agent with a plurality of signaling entities. 

20 86. A method us in claim 85, wroprunng signaling the single "binding with the 
plurality of signaling entities simultaneously. 

87. A method as in claim 85, comprising providing the first agent carrying the 
plurality of signaling entities, allowing the first agent lo bind to the second agent, and 
25 determining the binding vi a the sigruding entities. 

8S. A method aa in claim 87, wherein the Onst agent is linked to a particle to which 
Ihc signaling entities arc immobilized. 

30 89. A method as iu claim R7, wherein the first agent is linked to the signaling entities 
vianpolymer. 
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90. A method gb in claim 87, wherein 1he first agent is linked to the signaling entities 
viaadendrimcr. 

SI. A method as in claim 87, wherein the first agent is a biological or chemical 
5 ligand, and the second agent is a cell presenting a receptor or protein at a surface thereof 
the method comprising allowing (he figand to fasten to the receptor or protein. 

92. A method as in claim 87, wherein die plurality of signaling entities comprises a 
plurality of signaling entities linked to a polymer lint is linked to the first agent 

10 

93. A method as m claim 87, wherein die plurality of signaling entih'os conrprisee a 
plurality of signaling entities linked to a dendriraec that is linked to the first agenL 

94. A method as in claim 87, wherein the first agettt is fastened to a colloid particle 
1 5 that includes a plurality of immobilized signaling entities. 

95. A mothod as in claim 85, wherein the plurality of signaling entities comprises a 
plurality of clecfroactive molecules. 

20 96, A metliod as in claim 95, wherein the plurality of elccttosctivc molecules 
comprises a plurality of melalloeeues. 

97. A method as in claim 95, wherein the plurality of electroacttvc molecules 
comprises a plurality of ferrocene or a ferrocene derivatives. 

25 

98. A method as in claim 92, wherein the polymer is linked to the first ogcnl via an 
affinity tog/binding partner linkage. 

99. A method as in claim 92, wherein the polymer is linked to the Unit agent via a 
30 binding tag/metal/chciaic 1 i nkage. 
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1.0O. A method as in claim 99, wherein Ibe first agent cairics a polyamino acid lag and 
the polymer carries a chelate coordinating a metal. 

1 DI . A method as in claim 93. wherein llie dendrimer is linked to the first agent via a 
5 binding tag/mctal/chelate linkage. 

102. A method as in claim 101, wherein the first agent carries a polyamino acid tag 
and the dendrirner carries a chelate coordinating a metal. 

1.0 1 03. A method as in claira 85, wherein at least one of the signaling entities comprises 
a dye, pigment, clcctrDaetive molecule, fluorescent moiety, up-regulating phosphor, or 
eazyrac-Unhed signaling moiety including homo radish peroxidase and alkaline 
phosphatase. 

15 104. A method comprising: 

determining protein/ligand interaction in the absence of SPR without labeling 
cither the protein or the ligartd, 

1 05. A method as in claim 104, comprising exposing a Ugand to a proton suspected of 
20 interacting with the Iigand, the ligand in fixed proximal relattonsb ip with an dectroucU ve 

entity having on etecrroactivo signal dependant upon proximity to the protein. 

106. A method as in claim 104, the electroucrive entity having an eleciroantivc raguiil 
that is alterable dependent upon altered pro* unity between the elcctroactive entity and 

25 the protein. 

1 07. A method as in claim 104, comprising exposing a protein to a oarface at which 
both the ligand and the electroactive airily arc immobilized. 

30 108. Amethod as in claim 107, whorein the surface is asuriheeof on elect rodo. 
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1 09. A method as in claim 107, wherein tho ligand and clectroactive catily each form 
part of a self-assembled monolayer at the surface. 

1 10. A method as in claim 1 09, the self-assembled monolayer including a species that 
5 enhances permeability of the self-assembled, monolayer to electrons. 

111. A method as in claim 1 10, wherein, the species that enhances permeability to 
electrons comprises a conductive self-assembled monobycr-fornung species. 

10 112. A method as in claim 110, wherein the species that enhnoccs permeability to 
electrons comprises n species flint causes defect sites in the sett-assembled monolayer 

113. A method as in cluim 104, wherein the clectroactive entity comprises a 
metaUoccne, 

J5 

1 14. A method as in claim 104, wherein the clcctrocctivc entity comprises a ferrocene 
or u ferrocene derivative 

115- A method as in claim 104, wherein the clectroactive entity comprises ferrocene 
20 dicarboxylic acid. 

116. A method as in ctoim 109, wherein the ligand is linked to a self-assembled 
monolayer-forming species via an affinity tag/binding partner linkage. 

25 117. A method as in claim 109, wherein the ligand is linked to a self-assembled 
moTu>luycr-fbrming species via a metal binding tag/raetal/chelaie linkage, 

U B. A method, comprising: 

a) providing i) a solution comprising colloids, said colloids comprising a 
30 ligand capable of interacting with a cell surface molecule and ii) a composition 

comprising an electrode comprising growiog cells, said cells comprising at least one cell 
surface molecule capable of interacting with said ligand, 
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b) adding at least a portion of said colloids to said composition. 

119. The me&od of claim 118, further comprising: 

c) detecting the aggregation of sard colloids as a measure of the rnteraction of 
5 said ligand with said cell surface molecule. 

120. The method of claim 11 8, -wherein said colloid is a gold colloid. 

121. The method of claim 120, wherein said gold colloid, prior to step (a), is treated 
10 so as to incarponjlc thiol groups. 

1 22. The method of claim 1 1 8, wherein, prior to step (a), said ligand is derivatized 
with a moiety that has a binding partner. 

15 123, 'lac method of claim 122, wherein, prior to step {s^ said ligand is derivatized 
with a moiety that can bind to a metal chelate. 

124. The method of claim 123, wherein said moiety comprises a histidinc tag. 

20 125. A method, comprising: 

a) providing i) a solution comprising colloids* said colloids comprising a 
ligand capable of interacting with a cell surface molecule, it) a candidate drug, and iti) a 
composition comprising on electrode comprising growing cells, said cells comprising at 
least one cell surface molecule capable of interacting with said ligand, 

25 b) mixing at least a portion of said collo ids with said drug and said 

compositioo. 



127. A method comprising; 

recruiting on electronic signaling entity to m electrode- using a magnetic materiaL 

30 
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1 27. A method as In claim 126, comprising recanting the si gnaling entity to the 
electrode in part via protein/protein linkage involved in immobilization between the 
signaKng entity and the magnetic material. 

5 128. A method as claim 127, -wherein the prolein/prolein linkage involves proteins that 
ore not antibodies. 

129. An article defining a surface, and a iigand suspected of interacting with a protein 
and an, electroactivc entity each immobilized relative to the surface. 

to 

□0. An article as in claim 129, further comprising a species that enhances 
permeability of the surface to elcctronc immobilized relative to the surface. 

131. An article comprising: 
l s a first biological or chemical agent, capable of biological or chemical binding to a 

second agent, immobilized relative to a plurality of signaling entities. 

1.32. An article as in claim 131, wherein the first agent in linked to a particle to which 
tho signaling entities are immobilized. 

20 

133. An article as in claim 13 1 , wherein me first agent is immobilized relative to the 
signoling entities viu a polymer. 

134. An article as in claim 131, wherein the first agent is immobilized relative to the 
25 signaling entities via a dendrirncr. 

135. An article defining a surface, and a self-assembled monolayer formed on the 
surface of the article, the monolayer comprising a mixture of a first molecular species 
having a molecular structure promoting self-assembly at the surface with other first 

30 species in a tightly-packed manner preventing fluid to which the outface is exposed from 
communicating electrically with the surface, and a second molecular species having a 
molecular structure different from the first species m such a way to cause disruption of 
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the tightly-packed self-assembled ermctarc thereby defining defects in the tightly-packed 
structure allowing fluid to which the surface is exposed to cansrauoieatc electrically with, 
the surface. 

5 136. An article as in claim 135, wherein the first species is essentially unear and the 
second species includes at least one noc-uncar portion. 

137. A composition, comprising a first molecule and one or more signaling entities 
attached to a solid support, wherein said first molecule is a ligartd capable of mlcraclrag 

}0 with a cell-surface receptor or protein. 

1 38. The composition of claim 137, wherein said solid support is a colloid. 
Z39, The composition of claim 138, wherein said colloid is a gold colloid, 

15 

140. The composition of claim 138, wherein said tigaad is covaleutly attached directly 
to said colloid. 

1 41. The composition of claim 1 38, wherein said sigoalfng entities are electroactive 
20 molecules. 

142. The composition of claim 141, wherein said electroactive molecules comprise 
ferrocene or a ferrocene derivative. 

is 1 43. The composition of claim 137. wherein said ligand is a peptide. 

144. The composition of claim 143, wherein said peptide is dcrivatized with amoiety 
tbut crtn bind to a metal chelate. 

30 1 45. The composition of claim 144, wherein said moiety comprises a histtdine tag. 
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146. The composition of claim 144, wherein said solid support comprises a metal 
cholntc and said peptide is attached to said solid support via bi tiding of said raoicty to 
Baid metal chelate. 

5 147. Ttic composition of claim 137, wherein aol id support comprises a monolayer of a 
second molecule, 

14G, The composition of claim 147, herein said monolayer is a self-assembling 
monolayer. 

10 

149. The composition of claim 147, wherein said second molecule is a thiol. 

1 50. A composition, comprising a first molecule, a second molecule and a third 
molecule attached lo a solid support, wheretn said first molecule comprises a ligand 

15 capablo of interacting with a cell-surface receptor oi protein, wherein said EccoDd 
molecule forms a monolayer on said solid support, and wherein said third molecule is 
eledroactrve. 

151. The compos ition of claim 150, wherein said solid support is a colloid. 

20 

152. The composition of claim 151, wherein said colloid is a gold colloid. 

153. The composition of claim 151, wherein said ligand is covalentty attached directly 
(o said colloid. 

25 

154. The composition of claim 153, wherein said electroactivc molecule comprises 
ferrocene or a ferrocene derivative. 

155. The composition of claim 1 53, wherein said ligaud is a peptide. 

30 

15G. The composition of claim 1 55, wherein said peptide is dmvaiized with a moiety 
thai can bind to a metal chelate. 
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157. The composition of claim 156, wherein said moiety comprises a histidine tag. 

158. The composition of claim 1 56, v.'hcrcui said solid support comprises a metal 

5 chelate and said peptide is attached to said solid support via binding ofsaid moiety to 
said metal chelate 

159. The composition of claim 137, wherein said solid support is a liposome. 

to 160. The composition of claim 147, wherein said liposome comprises at least one lipid 
containing a reactive group. 

161. An article comprising a metal support constructed and arranged to support the 
growdi of cells on a surface thereof, said metal support comprising u monolayer of Ht 

15 least one type of molecule, said monolayer configured such that metal support cau he 
used us an electrode. 

162. An article as in claim 1 61 , further comprising cells growing on the metal support. 

20 163. A composition comprising: 
a colloid particle 

a signaling entity immobilized relative to the colloid particle; and 
a protein immobilized relative to the colloid partiole. 

is 164. A species comprising: 

a polymer or dendrimcr carrying a plurality of signaling entities adapted for 
linkage to a biological or chemical agent. 



165. A species us in cluim 164, wherein the polymer or dendrimcr is adapted for 
30 linkage to the chemical or biological agent via a metal binding tog/mctal/cholate linkage. 
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266. A Species as in claim 164, wherdn. the polymer or dendrimer carries a chelafe 
that can coordinate a metal. 

167. A species m in claim 164, wherein the polymer or dendrimer carries a plurality of 
5 clcctioactive species. 

168. A species as in claim 1 64, wherein ilw polymer or dendrimer carries a plurality of 
inetnlloccnca. 

30 169. A Bpccies as in claim 1 64, wherein the polymer or dendrimer carries a plurality of 
ferrocene or a ferrocene derivatives. 

170. An article comprising a colloid particle immobilized relative to a glutathione 
derivative and at least one signaling entity. 

15 

17t. An article comprising a colloid particle carrying on u surfucc thereof a self- 
assembled monolayer comprising aglutalhionc derivative. 

173. A method as in uluim 1, wherein the non-colloidal structure is a biological 
ii\ specimen. 

173. A method as in claim 172, wherein the biological specimen is taken from a 
human or animal. 

25 1 74. A method as in claim 173, wherein the biological specimen comprises cells or a 
tissue section. 

175. A method an m claim 172, comprising providing at least a first and a second 
biological specimen; 

30 exposing the first and second specimens Jo colioid particles currying immobilized 

species suspected of or having the ability to bind to binding partners presented by the 
specimens. 
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176. A method as in claim 175, wherein mo first and second biological specimen of 
are differ ail states of infection or disease. 

S 177. A method as io claim 175, comprising determining a dilTercQCC in binding of the 
colloid particles to the first specimen as opposed to the different specimen 

1 78. A method as in claim 177, wherein the difference comprises a difference in Jcvc! 
ofVinding. 

to 

179. A melhod as in claim 177, wherein the difference is a difference in pattern of 
colloid immobilization, 

180. A method as in claim 1.75, further comprising: 

IS detenniaing immobilization of die colloid particles to cither or both of the 

specimens 

181. A method as in claim 175, wherein the biological specimen or its source has been 
pre-troaied with a candidate drug for modification of a disease srato that can be 

20 determined by expression level and/or pattern of binding partners expressed by the 
specimen. 

132. A method as in claim 1 , wherein the non-colloidal structure comprises an article 
defining a surface, and a self-assembled monolayer fonncd on the surface of the article, 
25 the monolayer comprising a mixture of a first molecular species having a molecular 
structure promoting self-assembly at the surface with other first species in a tightly- 
packed manner preventing fluid to which the surface is exposed from communicating 
electrically with mc surface, and a second molecular species that comprises a molecular 
wire. 



183. A method as in claim 1, wherein the non-colloidal sbmcmre is a solid support. 
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1 84. A method as ro claim 1 83 , wberem the surface is a surface o f an electrode. 

185. A method as in claim 1 83, further comprising a ligand and an electroactive entity 
each forming part of a self-assembled monolayer at a surface of the colloid particle. 

5 

186. A method ah in claim 1 85, the self-assembled monolayer including a. species thai 
enluinccs permeability of tlw self-assembled monolayer to electrons. 

187. A method as in claim J 86, wherein the species that enhances permeability to 
10 electrons comprises a conductive self-assembled monolnyer-forming species. 

188. A method as in claim 186, wherein tho apecies that enhances permeability to 
electrons comprises a species that causes defect sites hi the sclf-usseinbled monolayer 

15 185. A method as in claim 1 04, wherein the electroactive entity comprises ferrocene 
dicmboxylic acid. 

190. A method as in claim 185, wherein tho ligand is linked to a self-assembled 
monolaycr-fbrming species via a metal binding tag/metal/chelato linkage. 

20 

191. A method as in clnim 183, wherein the solid support comprises a substantially 
planar substrate. 

192. A method as in claim 183, wIiereiD the surface of the article carries a sclf- 
25 assembled monolayer. 

193. A method as in claim 192, wherein the self-assembled monolayer is a conductive 
self-assembled monolayer. 

30 194. A method as an claim 192, wherein the self-assembled monolayer includes a 
binding partner for an affinity tag. 
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195. A method as in claim 194, wherein the binding partner is a chelate able to 
coordinate a metal. 



19G. A method us in claim 194*, wherein the binding partner for the aflmity tag 
5 comprises glu Uithione or biotin. 

197. A method as in claim 193, further comprising a chemical or biological agent 
fastened to the sdr-assembled monolayer via EDCZNHS coupling chemistry. 

to 198. A method as in cltdm 193, comprising a plurality of chemical or biological 
binding partners fastened to the self-assembled monolayer and distributed randomly 
across die self-assembled monolayer, 

199. A method as in claim 193, wherein the solf-asscmbled monolayer inclndes 
1 5 isolated regions each further comprising a unique chemical or biological binding partner 

fastened thereto. 

200. A method as in claim 1 82, wherein the colloidal structure includes a chemical or 
biological agent fastened thereto that is a binding partner or is suspected of being a 

20 binding partner of a chemical or biological agent fastened !o the surface of the article. 

201. A method as in claim 200, wherein the colloidal particle includes and auxiliary 
signaling eniily. 

25 202. A method 36 in claim 200, further comprising a self-assembled monolayer on the 
surface of the colloidal particle. 

203. A method as in datm 201, wherein the auxiliary signaling entity is an 
clcctroactive signaling entity. 

204. A method as in claim 201, wherein the auxiliary signaling entity is a visible 
signaling entity. 
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FURTHER tNPOFWATKJN CONTINUED FROM PCT7ISW 3Q3 



Examination of the claims and description has failed to clearly Identify 
a single problem salved by a single solution to which the aptffl cation, is 
addressed. Indeed, the claims, appear to encaroass. using only generalised 
language, diverse and apparently unrelated sttP3ert-matt"r whilst the 
description itself (pane 3 appears to refer to wide and non-specifically 
disclosed field* to which tfc subj set-matter of the application may be 
relevant. Therefore, the oWiption and claims fail to comply Kith 
Articles 5 and 6 PCT, Furtherwrcv given the lack of clarity with regard 
ta the oact subject-matt^ of ^a application. It Mm nrt Been pwiTble 
to identify any suMoct-iratter tfith regard to Article B3{3}(b) PCT. 

In view of the large nmber and also. the wording of tha claims presently 
on file* which render it difficult, if not impaislble. to determine the 
natter, for which protection is sought (the present claim* relate to an 
extrema large number of possibilities! the present application ftt Is to 
comply with the clarity and f or conciseness reejirirensnts of Articles S 
and 6 PCT (see also Pule S.l (a) PCTJ to such on extant that a meaningful 
search la impossible, ConJequently* no search report can be established 
for thi present application (Article 17 (2) PCT). 

The applicant's attention 1* prawn ta the fact that claims relating to 
inventions in respect of which tie international search report has been 
establisbd need not be tha subject of an international preliminary 
examination (Rule 66.1(e) PCT). -The applicant is advised' that the EPJ 
policy when acting as an International Preliminary Exemimrig Authority is. 
normally not to carry out a preliminary aKamination on matter which has 
not been searched. This is the case irrespective of whether or not. the 
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